WORLD INTELLECTUAL PROPER! 

IntemadcBial Bures 



PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER T 




wo 



9605303A1 



(51) Internatkmal Patent Classification ^ : 

C12N 1SA12, C07K 14/705, A61K 39/395, 
C12N 15/11, A61K 38/17, C07K 16/28, 
GOIN 33/68 



Al 



(11) InternaU nal Publication Number: WO 96/05303 

(43) International PubUcation Date: 22 February 1996 (22.02.96) 



(21) International AppUcatkm Number: PCT/US95/09636 

(22) International FHing Date: 9 August 1995 (09.08.95) 



(30) Priority Data: 

289,699 



12 August 1994 (12.08.94) 



US 



(71) Applicant: OKLAHOMA MEDICAL RESEARCH FOUNDA- 
TION [US/US); 825 N.E Thirteenth Street, Oklahoma City. 
OK 73104 (US). 

(72) InventOTs: FUKUDOME. Kcnji; 13125 West Parit Place. 
OklahcHna City, OK 73142 (US). ESMON. Charles, T^ 
5800 North Stonewall, Oklahoma City, OK 73 1 1 1 (US). 

a4) Agent: PABST. Patrea, L.; Amall Golden & Gregory. 2800 
One Atlantic Center, 1201 West Peachtrec Street, Atlanta, 
GA 30309-3450 (US). 



(81) Designated States: AU. CA, JP, European patent (AT, BE, 
CH, DE, DK, ES. FR. GB. GR, IE, IT, LU, MC. NL, PT, 
SE). 



Publisbed 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) ntie: CLONING AND REGULATION OF AN ENDOTHELIAL CELL PROIEIN C/ACTIVATED PROTEIN C RECEPTOR 
(57) Abstract 
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CLONING AND REGULATION OF AN ENDOTHELIAL CELL 
PROTEIN C /ACTIVATED PROTEIN C RECEPTOR 

Background of the Invention 

The present invention is generally in the 
area of cloning, expression, and regulation of an 
endothelial cell protein C/activated protein C 
receptor. 

Protein C plays a major role in the 
regulation of blood coagulation. Patients 
deficient in protein C usually exhibit life 
threatening thrombotic -complications in infancy 
(Seligsohn et al . , (1984) N. Enal, J. Med, 310. 
559-562; Esmon, (1992) Trends Cardiovasc. Med. 2, 
214-220) that are corrected by protein C 
administration (Dreyfus et al., (1991) N. Engl. J. 
Med. 325, 1565-1568) - In addition, activated 
protein C (APC) can prevent the lethal effects of 
E. coli in baboon models of gram negative sepsis 
(Taylor et al . , (1987) J. Clin. Invest. 79; U.S. 
Patent No. 5,009,889 to Taylor and Esmon) and 
preliminary clinical results suggest that protein C 
is effective in treating certain forms of human 
septic shock (Gerson et , al . , (1993 ) Pediatrics 91, 
418-422) - These rre^ults^^^^^ that protein C may 

both control coagulation and influence 
inflammation- Indeed, inhibition of protein S, an 
important component :Qf .the .protein C pathway, 
exacerbates the response oi primates to sublethal 
levels of E. coli and augments the appearance of 
TNF in the circulation :l{Tayior et al . , (1991) Blood 
78, 357-363). The mechanisms involved in 

controlling the infXammiatory response remaxn 

• - -J , 

unknovm . . ..i.-.yr: - 

Protein C^is ".activated when thrombin, the 
terminal enzyme of the. ^coagulation system, ; binds to 
an endothelial cell surface-protein, thrombomodulin 
(Esmon, (1989) J. Biol.- Chem. 264, 4743-4746;;. 
Dittman and Majerus, (1990) Blood 75, 329-336; 
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Dittman, (1991). Trends Cardiovasc. Med, 1, 
331-336) . In.-jCell^cultu^ thrombomodulin 
transcription is,,. b by exposure : of endothelial 

cells to tumor necrosis factor (TlfF) ^ (Conway and 
5 -Rosenberg,, (1988) Mol. Cell. Biol > 8, 5588-5592) 
^ and thrombomodul in , ,ac t iy i ty and ant igen are 
; subsequently intearnalized and degraded (Lentz et 
al., (1991) Blood 77, 543-550, Moore, K.L. , . et .al . , 
(1989) Blood 73, 159-165) . In addition, C4bBP, 
10 a . regulatory protein of the complement system, 
binds-.protein S t^ is 
.functionally inactive r in sup 
; anticoagulant, activity , in,. vitro (Dahlback, J 1986) 
r J^. Biol. ^ Chem, 261, 12,022-12027) and in vivo 
.15.;. (Taylor ,,et al, , ;1991).. . Furthermore, -^G4bBP behaves 
as an acute ^ phase. react ant (Dahlback, (1991) 
Thromb. Haemostas. gg.^ 4 9^61) . Thus, prpteins of 
this pathway (not pnly appear to regulate : 
r inflammation, but they also interact with 
20 components, that J regulate and they 

themselves are , subject -,t 9 down regulation by 
inf lammatory rmediatp^s .. .r . . . , . i - 
i i-c 9^^^?^ ,!^^?i^?:^^^^?l :^ole of the protein C 

pathway in .regulating th^ response to . 

25 inf lammation^^and the -critical role of the pathway 
^ r in controlling blood_^coagulatipn, it is important 
to identify and characterize all. of the components 
that interact with the ^ - This, is especially 

true . since the molecular basis of the - 
30 anti.^inflammatory . effects: of the protein C pathway 
componentS:;;have , yet to. be elucidated at the 
molecular; level.. ^ . . r " - --^ 

. , , /; ^ - It is. therefore- an object of the present 
. ^ - invention^ to provide ; a cellular . receptor for 
35 protein ,G and : activated protein .C.. , .;- 

.! . ;. ^ i. ^ t is . a further object of the presents 
invention to provide nucleotide sequences encoding 
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the cellular receptor arid^'^a^^ acid 
cWaracterizatiori of the^'?ecept?or which allows 
expression of recoitoina'fi&^nat'fve^ and modified forms 
of the receptor. " " - 
5 ^ It is another 'object of the px^esent 

invention to provide methods 'o'£' ^^^t^^ the 
inflammatory response involving protein C and 
activated proteiii C;^ - - 7 - A: : ^ 

' Sinsxiiary of '^'the Xnventlon 

10 An endothelial cell -protein binding 

protein (referred -to • herein -as ^ "EPGR" ) has been 

^ • - - cloned and' characterized J - =The protein- is- predicted 
to consist of 238 amino acids /-"which includes a 15 

- - amino acid signal 'sequence at the N-teanhinus, and a 

15 23 amino acid transmembrarie region which 
characterizes the receptdr as'a'tyi>e i ^ 
transmembrane protein. The protein bindis with high 
affinity to both protein C and activated protein C 
(Kd=3 0 nM) and is calcium dependent . The message 

20 and binding ' fimct ion of the "receptor are both down 
regulated by cytokines such -as' TNF . - 

These results identify a new member of a 
complex pathway t:hat > like other members of ^ the 
pathway i; is sxibject to reflation by inflammatory 

25 cytokines/ and can theref bre be used to modulate 
' • - inflammatory reactions iri which protein C or 

activated protein-C is - involved; " Inhibition of 
the inflammatory response can be obtained by 
> ^ infusing soluble EPCR. Altiei-natively, localizing 

30 EPCR to surfaces in contact with blood will render 
the surfaces anticoagulant by virtue- of the ability 
of EPCR to bind and concentrate the anticoagulant 
activated protein C at the surf ace ." Alternatively, 
the function of EPCR can be enhanced by 

35- overexpressing the EPCR in endothelium that could 
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be used to coat vasc\ilar graft:s in pat ients * with 
vascular disease' or ^^on stents in cardiac patients. 

Brief Ceocript ion of the Drawing 

Figures lA, IB and IC are flow cytometric 
5 analyses of Fl-APC { fluorescent labelled activated 
protein C) binding to HUVEC (human umbilical vein 
endothelial cells) . Figure lA is a graph 'of cell 
number versus log of fluorescence intensity, 
demonstrating Fl-APC binding to HUVEC.' HUVEC (1 x 
1.0 10*) were incuba^ted at room temjperature without 

, (dotted line) or^w^ 160 xiM of F*1-APC (solid line) 
in the presence ^of 1^3 mM CaCla . After washing , 
bound APC was analyzed by flow cytometry. Figure 
IB is a graph of fluorescence intensity versus Fi- 
15 APC concent rat ipn (nM) demonstrating the 

concent rat ioi^ dependence of Fl-APC binding to 
HUVEC. , HUVEC were inci^ Fl-APC in the 

absence (open circles) or presence! of 1.3 mM CaCl^ 
(closed circles) . and binding was measured as in A. 
20 Mean channel , fluorescence, i^ is plotted for 

each Fl-APC. concentration (between 6 and^ 800 nM) . 
Figure IC i^ a, graph of the percent of mean 
. , fluorescence versus, unlabeled protein concentration 
' (/ig/ml) , demonstrating the eff of unlabeled^ 

25. proteins on Fl-APC binding to HUVEC. Fl-APC 

binding to HUVEC was i;:arried out in the presence of 
the , indicated, concentrations (between 0 and 100 
. jig/ml) of. unlabeled APC, protein C, protein S, 
factor X and Xa or recombinant Gla-domainless 
- 30 protein. C. , {rGDPC).. 

Figures 2A, , 2B, 2C and 2D are graphs of 
"^I-APC Binding to HUVEC Monolayers. Figure 2A is 
a . graph. jo^f the bound APC (cpm x 10*^) versus time 
, (min) showing the time course of "*I-APC binding 
- 35 to -HUVEC. . HUVEC monolayers (1,2 x 10* cells) were 
ii inciibated at, 4**C with 32 nM (filled squares) or 8 
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r^^ Topjen. squai:es) . "*I--APC... . indicated times, 

cells we,re washed, and bound, radioactivity ^ w^ 
measured. Figure 2B is a graph of bound APC (cpro x 
10'*) versus unlabeled protein (nM) demonstrating 
5 „. the ^ effects of unlafeeled APC and rGDPC on "»I-APC 
binding to HOVEC. " HOVEC were incubated at 4'C for 
one hour with "•l-ljabe^^ of 
the indicated concentrations (betwe^en pi and 
approximately 1000 ni^) of unlabeled APC (open 

10 circles) or rGDPC (closed circles) . After washing, 
bo\ind radioactivity was measured. Figure 2C is a 
graph o/ bpurxd APC . <froq^ (nM) 
demonstrating the concentration dependence of 

APC binding to HUVEC . ' Moiiolayers of HOVEC were 
15 incubated with the conceritrations of "*I-APC 

indicated as described above. Specific binding was 
determined as described" b^ ^^ .^^ * 

Scatchard aJialysis of''"'i-APe binding to HUVEC. 
Each value was calculated from the data shown in 

20 Figure 2C. . , . 

Figureis 3X and" "are flow cytometric 

analyses of Fl-At>c' bindrng 'W 

transiEected witii a cDNA clone of EPCR . Cells were 
t r ans fee ted wi th a . c lone EPCR/pEF - BOS " or pEF - BOS 

11 (negative 'controiT'byt method. 
After 24 h, cells'^ wer^' harvested and Fl -APC binding 
was performed ih tW aijsence (dotted lin6s) or 
presence of 1.3 row' CaClji' (solid lines) . 

Figures ' 4a- 4c ar^ the pr^^^^ 
3 0 structure of EPCR; based on nucleotide sequence (SEQ 
ID NO.'l), predicted amino acid sequence (SEQ ID 
NO. 2) and a hydropathy plot of EPCR. The signal 
sequence 'and transmeniira^^ 

with the solid bars. 
35 ■ Figures 5a- 5b are a comparison of the amino 

' acid sequence of EPCR to the amino acid sequences 

of other members of the CDl f attilly and ■CCD41 . The 
EPCR sequence is shown in the first" line and 
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^ compared to murine; CCD41 (second line) , r human CDld 
(third line) 4and mu:gine CT 
,r : Identities.withr-E^CR.are .ind^ boxes. 

Residues that are conserved .between EPCR and all of 
5 the, human GDI family members are indicated by a 
. doul^le asterisk. .rResidues -shared with one or more 
members of : the CDl . f amily are . indicated by a single 
-asterisk. y \- . 

i % ^Figure -.6^ - is a .comparison ; of the ^ amino 
. 10. acid sequence of human/;ERGR (first jline) to the; 

amino^acidr sequence ; of -murine .(second line) . 

; : Identities are indicated :by";^ . Similarities 

rare- indicated with dqts . r . ; ^ , 

- ^ - Detailed Description of the Invention 
15 !♦ Cloning »nH r ^aracterization of EPCR> 

Human protein -C. and activated protein C 
are shown to bind to .endothelium specif ically, 
selectively apd saturably (Kd = 30 nM, 7000 sites 
per cell) in a Ca^* rdependent fashion. FL^APC 

.20, binding to various human lines were -examined, 

and found, that ;;>the binding ^ was HUVEC specific . A 
human kidney cell ^ line transformed wi large 
: T antigen, .^293T cells, .-ex^ few of these 

binding sites. -A HUVEC. cDNA library was 

25 constructed using the pqwer;ful mammalian expression 
vector^ pEF- BOS (Mizushima'/and-Nagata, (1990) 
Nucleic Acids Res . ig. . 5^2:?, V . Plasmid DNA was 
prepared- -from subppols : of independent: colonies 
(2,500 colonies per pool) , and transfected into , 

30,. ^293T cells, -using the method of Kaishoret^ al., 
(1994) - Proc; Natl, Acad. Sci. (USA) 91, 5325. 
-FL-APC binding waS: analyzed -on a flow cytometer. 
/One of eight subpools gave a positive signal. This 

. ; , subppplc was , divided into . 20 subpools and . ^ 

35, o.-rescreenedy, .. After three rounds of enrichment , one 
. r.:^! positive clone,; EPCR-1> was isolated. ,EPCR-1 

SUBSTITUTE SHEET (RULE 26) 
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' carries- -a 1 . 3 kb insefS? ' Vvhen transfected into 
293T ceiis; this ciono '^^iLs' capable of expressing 
the calciuni-dep^ndent iDindiiYg s for Fli-APC on 
the 293T cell surface?"- ' : . r . , : . 

5 ^ Expression cloning revealed a 1.3 kb cDNA 

that coded for a tj-po I transmembrane glycoprotein 
capable of binding protein C. This protein appears 
to be a member of the CDl/MHC superf amily Like 
thrombomodulin, the xeceptor -involved in protein C 
10 activationi the endctlidlial dell protein C receptor 
- (EPCR) function and message are both down regulated 
~ : ^ by exposure of endothelium to TKF. - Identification 
of EPCR as a member of -the GDl/ffflC superfamily 
provides insights into the role of this receptor 
15 for protein C in reguiating'-the inflammatory 
response. 'r\:":y.: .j-^: y - ' 

Materiais arid Methods 
Protein Preparatioti ' 

Human proteinic (Esmon et al., (1993) 
20 Meths > Enzvmol . 222/ 359-385), APC (Esmon et al . , 

1993) 7 recombinant gladbmainle^ protein C (rGDPC) 
(Rezaie al ^ . f l992y- J. Biol;: Chem: 2g7; ^ 

- 11701-11704); prot'eiri S -'-(Taylor et al 1 , 1991), 

- factor X and tactor^OCa ^fliie-^^^ et al : , (1992) 
25 J . Biol , Chem . 267 - ^ "-6 970 ^-69 76 ) were prepared as 

: described in the cited publieat ions. 

: ' Select ive'^^labeling df the active site of 

APG with fluorescein -was -performed by the' method of 
Bock (Bock, P.E. f 19881 ' Biochemistry 27. ^ 

30 6633-6639)^ ■ In brief y IT— r-^ r 

• [ Xacetylthio) acetyl] -D-Phe-Pr6--Arg-CH2C1 (200 ^M) 
was reacted with 40 - a^M- APG for -1 hour at room 
temperature. Af tar dialysis,^ the cbvalently 
modified APC was incubat^d^ at '-roomC temper for 

35 one hour with 200 /iM 5- (ibdoacetatnido) fluorescein 

- (Molecular Probes) . Free fluorescein was removed 

by gel filtration on a PD-10 column (Pharmacia). 
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With this methpd,,_^each molecule, of. fluoi^^^ 

APC (FI-7^C) ^cqntair^^, a .^ingle^ dye at the active 

site .and hence , all, ^.9-^ .^^^ fluorescent molecules 

, behave identically . , - 

5 lodqgen.. (Pierce) was used to radiolabel 

APC with Na["^IJ^ (Amersha^^m) according to the. 
. manufacture'. S: protocol in the^ presence of 5 mM 
CaClj-; Free was rempyed b^^ on a 

f PD-10 column. .. ^The specific activity of ,thfe "^I-APC 
10 was l; x,ilO* cpm/ng prote.iji., • . . „ 

Cell Culture 

Human -uinbilical^..v^ endothelial cells 
(HUVEC) were isolated from fresh umbilical-cords by 
collagenase treatment and cultured in mediijm 199 
15 -.containing 15% fetal-bpvine serum, 10 fig/ml 
heparin, : and 0 . 5,% ^ endothelial cell growth..^ 
. supplement prepared^ f rom bovine brain extract 
(Maciag at^al./ (1979) Proc. Natl. Acad. Sci. (USA) 
75, 5674-5678) . .. Hps. ,<ATCC CRL 1543) , HEp-2 (ATCC 
20 CCL 23) and 293 ^cells, .CATCC CRL^ 1 

with SV^O laxgfB, T^antX^gBn (293T, a gift from Dr. 
. Kenji . Oritani) ^wer;e^. maintained in MEM 
supplemented with ip^% . fet^l bovine serum. The 
human lymphocyte cell, lines, Jurkat, m6lT3 (ATCC 
25 CRIi 1552) , Jijoye - (ATCQ^ CCL. 87) , Raji (ATCC CCL^ 

J?^ ) r iU-937 . (ATCC CRL -^ 15,93), , HL-6p (ATCC CCh 240) , 
. ; . cuid. HEL^ (ATCC ,TIB . 180)., :,were maintained in . 

RPMI-1640 .medium .suppleipented with 10% fetal bovine 
serum. r.-.- j 

30;.; , : - . - Flow Cytometric Analysis of Fl-APC 

Binding' to Cells 

Adherent cell's Were harvested by 
incubation at 37^C for 5 min in phosphate buffered 
saline (PBS) containing 0.02% EDTA. Cells -were 
35 washed twice with EDTA/PBS and then once with 

Hank's balanced salt solution (HBSS)\ Th4y were 
resuspended' in~ HBSS containing 1% bovine serum 
albumin (BSA) and 0,02% sodium azide (binding 
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ibuf f er) : Cells (1 x ib^)''w~^re' incubated at room 
' temperature fW 45 ' min wx€il^-F^^ in the dark- 

After washing, they were ' ife^u^pended in the binding 
buffer containing 0.5 /xg/ml of propidium iodide. 
5 Bound Fl-APC was analyzed on a flow cytometer, 
FXCScan (Becton Dickihsdri) . Living cells were 
" gated on a dot pl6t displaiy of forward- scatter 
(FSC) versus f luoi'e'3c^tice-2 (FL2) / and Fl-APC 
binding was detiected on the fluorescence- 1 (FL-l) 
10 channel. All experiments were performed in 
duplicate . 

"*I-i^C bixidiiig td HUVEC 

Monolayer^ of HUVEC in 24-weli 
~ microplates (Costar) (i x 10^ ceTls per-well) were 
15 washed twice with EDTA/PBS and once with ice-cold 
HBSS. Cells were thisn indiibated at 4^C for one 
hour in the binding buffer with I- APC, After 
washing three times with ice-cold HBSS, cells were 
released with the EDTA buffer, and the bound 
20 radioactivity was ime^sured in a^^ counter 
(Isbdata' 500) I t6 detei^mine non-specific, 
calcium- independent adsdarptidn of radioactivity, 
the cells were washeU Witii EDTA/PBS and residual 
raciioacti^ifey in tft<4' ^€11 pellet wa^ measured . 
25 Non-specific binding of r'adioabtivity was ^ 

consistently less than 5%^ o binding. 
Trie data was knalyie'd using the Enzfitter program 
(Elsevier Biosof t, ' Cambridge, U.K. ) 

Construction of HDVEC CDNA Library 
30 ' Vbly-A RNAiiwas isolated from HUVEC (1 x 

lOV cells) ^using the FastTrack™ mRNA isolation kit 
(Invitrogen) . . cDNA was synthesized from 3 /xg of 
.poly-A RNA using a Librarian™ I kit (Invitrogen) . 
A BstX I adaptor was . ligated, double' stranded cDNA 
3.5 . was fractionated by agarose gel electrophoresis, 
and. cDNA longer than 700 bp. was. ligated into a 
mammalian expression vector, pEF- BOS iMizushima and 
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Nagata, 1990; this^-^Arector was a, kind -gift- from Dr. 
S . Nagata ) ,^ ;The ^jGpnstruct . was ^ transf ected into E. 
coli DHIOB by ;eleiictroppration (Bio-Rad Gene 
Pulser?") . The library- consisted of 8 X 10* 
5 independent -colonies '^with .an average size of 2.0 
'''_kb . • ij ' ■ ' ', :" r ( ,~ 1 - .- • '." * . -• - - . ^ 

.:£3cpreeslon Cloning and Sequence Analysis 
- - J ApproximatelY 2 X[ 10* independent colonies 

; - were di vided^ into, eight . siibpools (each containing 
10 2,500 independent colonies) and plasmid DNA was 
prepared yfroin each -,s S\ib-conf luent 293T 

cells in 24 -well ^microplat^ transfected with 

1 /xg of the .^D^A by the , calcium/phosphate method 
; (Graham and Van Der Eb/ (1973) Virologry 52, 456- 

15 467) . After. 20. hours, the medium .was : changed, and 
culture ; was continued for another 24 hours. The 
subpools. were , screened for Fl-APC binding by FACS 
analysis as described^ above The positive library 
pool was then- divided into 20 new pools and 
, 2 0 rescreenedr. Afterr three roxinds . of screening, 96 
individual clones.; were : tested and one .positive 
clone was^ identif ied, j ; . .. . - - 

The insert^ ? subcloned into 

pBluespript™ (Str^tagene) , and the nucleotide 
25 sequence:: was determined using a Sequenase™ version 
2 > 0 DNA : Sequencing- ki^ (USB) . Nucleotide and 
protein: datatjase search employed the BLAST™ (NCBI) 
. . and FASTA^r. programs v(-GCG). with GenBank, EMBL, and 

, ';Swis6Prot . databases. 
30 r..^ > Northern Blot Analysis 

. c: : LTotal- RNAs -(15. fig) from various, cells 
:.j were isolated, . electrophoresed through formaldehyde 
agarose gels- and transferred to a nylon membrane 
(Hybond-N^, Amersham) . _T^ 483 bp Xba 1 fragment 
35; , f rom^ the 5 \ end of the EPCR cDNA was labeled by 
-^i random; priming :;according to the manufacturer's 
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" • instructions (MultipriTfie™^l5NA labeling systam, 
Amershamr ''and -used f 6r"^F}fT5riMa-zat:ion. 

Protein C and -XPC %^^ to HUVEC 

Endothelial ' celis'iii suspension bound 
5 FL-APC, as' monitored by f low oytotnetry, and 

demonstrated in Figure lA. Binding was saturable 
and Ca^^ dependent^ as shown by ^Figure IB. Optimal 
binding required' at lisast 1 mM Ca^*- FL-APC was 
displaced from the ^ cell surface by APC and protein 
IC C equivalent ly/ ^s^dhowri by Figure IC. The 

- homologous Gla-doriiairi- containing ^^^^ protein 
S, factor X, aiid f t s^a^^^^^^ Xa, failed 

to displace bdimd ' Fi-APC/.sug^^ there is 

a specific -bindihg sit:^'^ for APC oh the endothelial 
15 cell surfaced " Protre in- C 'binding was dependent on 
the Gla domain/ sirice reebmbihant- gla-domainless 
protein C (rGDPC) failed-' to- displace Fl-APC. 

Detailed bindings studies were also 
performed with "^I-labeTfed APC and monolayers of 
20 HUVEC, as shown by Figures ' 2A';^ 2Bv 2C arid 2D. The 
binding analysis indiSafeed' 77000 sites per cell and 
a Kd=30 nM. This affinity is'isimilar to that 
estimated from Figure^ li —^^ - ' - ^ 

" - ^ Endothela^al- ■ oe^^^^^ stir face thrombomodulin 

25 can interact with- protei/ia C^ and APC. ^ Kd 

(greater than 1 /iM) ? (fid^g: et -al. / (1992) J; Biol. 
Chem. 267, 703-706; Olseh etal .> 11992) 
' Biochemistry 31, 746^7540 /however , is -much higher 
than that of the binding site described above with 
3 0 respect to thei- new" receptor * Furthermore , 

polyclorial and monoclonal antibodies against 
thrombomodulin that ^inhibit protein C activation 
" did not inhibit the binding j'' ^= Prbteiii 'S also can 
interact with protein C ' and APC -"(bahlback et al . , 
35 (1992) Riochemistrv JlV i276'9-'12777) , ' but Fl-APC 
binding to HUVEC was hot inf luericed by- protein S 
addition. Furthermore, polyclonal and monoclonal 
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: antibodie3 to. pi:o^in,^S did not inhibit, the 

binding. These results indicate the. binding site 

for protein.-C anxif.APC on endothelium is distinct 

f rom jthese known molecules •-.-r. : ^ r-_ . 

^ =1 Nucleotide and Predicted Protein 

Structure Anaiysis of EPCR 

* " the insert was subclpned into ' 
pBluescript" and the nucleotide sequence was 
determiiied, as shown in Sequence ID No. 1. The 
10 cDNA shown i^^^^ 1 consists of 1302 

Z^^^-^:^!^^^ ATQ codon 

ihGC^^^^ at the 

5' -end at nucleotides 25-27 of Sequence ID No. 1 
P^^^^ signal sequence, 

(1.976) Nature 253, 
211-214) begins at^ nucleotide 1267 of Sequence ID 
No. 1, just 18 bp upstr^^ of the poly (A) sequence. 

The cDNA^ is predicted Vo code for a 
protein of 238^ amino acids (Secjuence ID No. 2) , 
20 which includes a 15 amino acid signal sequence (yon 
Heijne, (1986) Nucleic Acids Reg . 14, 4683-4690) at 
the N- terminal. Therefore/ the mature protein is 
predicted to contain 223 amino acids Sequence ID 
No. 2 IS the predicted amino acid sequence of EPCR. 
25 Ammo acids 1-15 of Sequence ID No. 2 

(MLTTUjPlii^ signal sequence 

determined by the rnet^^ Heijne (von Heijne, 

1986)^ i^ino acid^^^ ID No. 2 

(LVLG\^VGGFIIAGVAVGiFLCT are the putative 

, 30 trapsmembrane domain. ^ Potential N7giycosyiation 

sites are present at a^^^ acids 47-4 9., 64-66, 136- 
138, an^ l*^^^^^ of Sequence ID No. 2. 

Extraceiiular cysteine residues are present at 
amino acids^ 17,^ 114, 118, and 186 of Sequence ID 
- • J^P^ -?* r ^\P^.!^.®^^i?.l. I^i^f^smembrane region (Engelman 
et al., (1986) Annu. Rev. Biophvs, . Chem. 15. 321- 
53 ) consisting of 23 amino acids was identified at 
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the G*-*tarminal end ' (begi'Alhiri^ • at amino acid 216 of 
= ■ -Sequence- ID No. 2) . ' 'vf' e^.±-L. . . .. 

' The protein is predicted to be a type 1 
transmembrane protein. • The extracellular domain 
5 contains four potential N-glycosylation sites and 
four Cys ^residues. The cytoplasmic region contains 
only three amino acids and terminates with_ a Cys, 
which could be acylated to something or involved in 
heterodimer formation with another peptide . 

id - • Although describecJ with Teference to 

cloning and expression of the protein encoding 
sequence/ larger amounts of protein can be obtained 
by expression in suitable recombinant host systems, 
such as mammalian/ yeast , bacteria, or insect 

15 cells. Isolation can be facilitated by making 
antibodies to the recombinant protein which are 
then' immobilized on substrates for use in 
purification of additional receptors, as described 
below. 

20 As used herein, the nucleotide sequences 

encoding the 'receptor include the sequence shown in 
Sequence ID No. 1, and sequences having 
cc^nservative substitutions, additions or deletions 
thereof which hybridize to Sequence ID No. 1 under 

2 5 stringent conditions, As used herein, the amino 

acids sequences constituting the receptor include 
the sequence shown in Sequence ID No. 2, and 
sequences having conservative substitutions, 
additions or deletions thereof which form a 

3 0 " receptor having functionally equivalent biological 

activity. It is well known to those skilled in the 
art what constitutes "conservative, stibstitutions , 
additions or deletions, and Which could be readily 
ascertained as encoding, or forming, a functionally 
35 equivalent receptor molecule using the functional 
assays described herein.* 
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/ , . The hydriPpathic plot shown in... Figures 4a- 
4Cr Was performed raccprding to- the method of -Goldman 
et al . (Engelman, et ja3^, , .1994 ) (solid line) and t>^t 
of Kyte and Doolittle (1982) J, Mol , Biol. 157, 
105-132 (dotted line).., ^ 

. - . : . DNA and -protein.:-database searches ^ 
revealed that the . sequence is ^ related^ to the. 
cent rosome- associated, ..cell cycle dependent murine 
protein, CCD41, also referred as centrocyclin 
(Rothbarth. et al* , (1993) . J. Cell Sci. 104, 19-30) , 
as^. shown^ hy Figi^^^^s - 5a-5b . , ^ The similarity . in the 
published .sequence of murine CCD41 with human EPCR 
led to. the cloning. and sequencing of the murine 
EPCR- . . The- sequence -iOf murine EPCR is. shown in 
Figure 6... It is -distinct, f rpm- the published, 
sequence of . CCp41> . . v. ; 

The EPCR amino acid sequence was also 
related to, but , . quite distinct from, . the CDl/MHC 
super family and the murine CD1.2, as also shown by 
Figures 5a,- 5b. . Based on the homology, to CDl/MHC, 
it is likely. ^that .EPCR contains itwo dprnains^ 
consisting of Residues. 17.-114 and 118-188. ,Of the 
CDl family memberst, ,cpid .4.5,. the most- similar to 

rEPCTR. In the mousfe,-;^CCD4r is,. associated 

exclusively with the . centrpsome during but 
becomes detectab/le elsewhere during Xhe cell cycle, 
reaching a maximum: during G2, except during the Gj/M 
phase (Rothbarth ,et al . 1993 ) . EPCR eacpression 
appears restricted to endothelium, which would not 
be expected for, a cell .cycle associated protein . 

£The identification of the .protein, C 
receptor on endothelium suggests that.the^ 

. endothelial -cell binds protein C/APC through three 
distinct :,mechanis^ms . . In addition to EPCR, protein 
S can binder APC/protein C on negatively . charged _ 

-membrane, sui: faces that, include .the endothelium 

.^.(Stern et al.. , , (198^) J. Biol , Chem. 261, 713-718) , 
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' ' but this is not'cell tyi^e '^specific (Dahlback et 
-* ' al. , 1992) . Thr6n±>oni6aufrn^i ft -complex with 

thrombin can bind j^rotein'^'C'^nd APC (Hogg et al., 
1992) . On eindothelium, the protein S binding sites 
5 (Nawroth and Stem, n qfifiV Jr Exp, Med. 163, 

740-745) , thrombomodulin (Esttiion, 1989) and EPCR are 
all down regulated by cytokines, indicating that 
^inflammation can- impair protein* C pathway function 
at rtiiilt iple levels '■' ' ^ ' .c:t..: 

10 ■ - ' The homology -to the CDl/MHC family of 

protein's is especially ' interestihgV since it 
provides indications'-^^ to the function of EPCR. 
The CDi/MHC family 'ha'^ threfe- extracellular domains 
termed ai, 2 and 3 . The extracellular domain of EPCR 
15 contains four Cys residues that appear to 

correspond to two distinct domaiiis . EPCR lacks the 
third domain of the'- CDl/MHC f amily , but the two 
domaiiis have significant' homology to the al and a2 
domains of the CDl protein family and the' a2 domain 
20 of the MHC class 1 protein, suggesting that- these 

prdteiris evolved fr6% a comraori^'^^ The first 

' ^ domain of EPCR, re^i^uds^ 17^1:X4 , contains two 

potential N glycbiylsitilbn sites and is rich in B 
strand ^triidture, su^gg^sti^rig that it may form a 6 
25 sheet. Despite thV^fe^ strand consensus 
' sequences (Wiliiams' -^rid-^B^^ (iQSfir Ann/ Rev. 

' Immunol . 6 , 3 8 1 - 4-6 5 F ' f or ' 1: h^ immunoglobul in 

super family of receptors" arb absent. The second 
' doTriain of EPCR, residues 118-188 , contains tw 
30'^ additional N glycosylation sites and; like the 

CDl/MHC family, this'"domairi- is predicted to have 
limited & structure / ' - ' ' ^ ^ - -~ - 
- II ; Modulation of Inf lainiP «<--i ^sina SPCR. 

In vitro studies ^Kave suggested 
35 anti- inflammatory activities '-^f or 'APC. For 

instance, an unusual carbohydraite- sequence on 
proteih C can inhibit inflammatory cell adhesion to 
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- selectins (GrirmelX^ rat -al . , (1994) - GlvcobiolocrY > 4, 

:221-226) Modest, iii]ihi:bitory effects-,, of: have 
. been r.eported - oi]^ TNF;; production (Grey et , al . , 
(1993) Transplant. Proc ■ 25. 2913-2914 ), r .EPCR 
5. could contribute to. these anti- inflammatory 

mechanisms .T /Since :,the ^homologous protein family, 
CDlr-can be linked to CDS (Ledbetter et al.,y (1985) 
J ; Immunol i 134, i. 425P"4254). / , it is also possible 
. that; the -proteins Grreceptor is linked^ to another 
10 protein and signal; through -this second, protein. 
Oneoof : the tCDl -f amilyr/members, ; CDld/ ■ has been 
^^reportedi to promote tT vcell re possibly 
involving binding: to ^i^^GDS (Pan j a et .al., (1993) J. 
Exp .- Med. :178. 1115^1119) . ^. CDlb has, recently been 
15 reported to, serve as an antigen presenting mplecule 
(Porcelli et al: .^ (1992) Nature 360. 593-597) . The 
.ability : to bind protein ^C/APC could then be linked 
either directly or indirectly to signalling via 
direct interaction with cells of the immune system. 
20 Since' the MHC class of 'piroteins is involved in 
presentation of proteins to cell receptors, the 
concept of presentation of protein C/APC to 
^ inflammatory bells as a -'means" of elabora ting- 
ant i- inflammatory ^ activity^ may also be involved. 
25 This includes- 'modulatibn -of enzyme' specif icity such 
as occiirs with thrombin*^ thrombomodulin interaction 
■ (Esmoni 1989)^.^ In- this'^case, the Ei>CR-APC complex 
might cleave*^ biologically 'active' peptides from 
unknown substrates. ~ ^ • " - 

30 ' ^: E^CK mRNA Levels and APC Binding^ 

To determine' the^ cellular specificity of 
• EPCR expression', the'^ intensity of FL-APC binding to 
HUVEC wais compared 'to iseveratl human cell lines. 
Fl-APC bound str^ HUVEC ; ' and not to any 

35 of the Ti *B/' cbr 'monocytic cell lines- tested.- Cells 
were incubated ' kt room temperature without- or with 
' ' " r60 nM Fi--APC in the presence of 1.3 mM CaClj. 



wo 96/05303 



PCTAJS95/0!>636 



17 

Binding :'was analyzed by - fdow x^ytcmetry . - Slight 
•binding was - demons tratWd -^T^i^tK lihe osteosarcoma 
line, HOS and the epidermoKld cardinoma cell line, 

HEp-2. - • ^ - ' 

5 -' Total RNA was extracted from these cells 

- aiid hybridized with the EPCR cDNA probe for 
Northern Blot Analysis . EPGR^mRNA was detected by 
Northern blot analysis for HUVEC, Jurkatr HEp-2, 
Raji>- HOS, and U937 ; ■ : Among the cells lines tested, 

10 EPCR mRNA was detected -at high levels only in 
HUVEC : The calculated mRNA size "of 1 . 3 kb was 
identical to the size -of - the After 
prolonged exposure; -a weak -^signa detected 
with the osteosarcoma ^cell -line HOS and monocyte 

15 * ' cell line U937 Thus, -both APC binding and EPCR 

mRNA expression are veiry specif ic 'for- endothelium. 

. r^' Effects of TKfF^ on APC Binding and EPCR 
MRNA Levels . ^ . 

.Several other members of the protein C 

20 anticoagulant pathway are subject ;to regulation by 

. inflammatory cytokines (^smpn, ::1989) . For . 

instance, endothelial cjell surface thrombomodulin 

expression and message,-are known to be reduced by 

exppsure~:of the cells r to-. TOP and Rosenberg, 

25 1988 ; Lentz et al . ^o^R§V^ determine if a 

: similar process .pccurs.,with EPCR, HUVEC w^ 

treated with TNF and APC binding- and expression of 

EPCR mRNA were examined. .APC binding to, HpVEC 

decreased in a time dependent fashion... EIPCR 

3 0 activity decreased morie rapidly than thrombomodulin 

antigen., HUVEC were cultured for p, 6, 24 and 48 

- hr, / in the; presence of TNF-of (lO ng/Tnl) . Cells 
. were harvested, and residual Fl-APp binding, or 

, , . ; - thrombomodulin (TM). express ipn was,. analyzed by flow 
35 c>-tometry.. . Cell surf ace TM. was stained with, an 
anti-TM murine monoclonal antibody ..and. FXTC-- 
conjugated anti-mouse IgG.. . The negative . control is 
without added fluorescent ligand. 



mFDCinn: <VfO 9605303A1 I > 



18 

. HUyEC^>tfe^e,^^treated.w^^ 10 ng/na of TNF-a 
for 0 , 0.5, .1 ri?^^^^^^ hr , and message 

was extracted r-aridodetected as described above. The 
results demonstrated that ; the™, concentration of EPCR 
mRNA was also reduced^ by.:^TNF treatment . Message 
levels and APC-binding activity decreased in 
parallel ; Therefore , the TNP . mediated . . - , 
down- regulation of APC binding to endothelium 
probably occurs^at the.flevel of mRNA expression. 

: Enhancement of ;inf laramatory^ responses by 
blocking- binding- of - endogenous - molecules to 'ECPCR 
can be achieved bye administ-ration of. compounds 
binding to the- receptor ^ to. a subject .in need of 
inhibitions : The degree of: binding is routinely 
determined using assays such as those described 
above. ^ Compounds which are effective include 
antibodies to , the protein;- fragments of antibodies 
retaining the- binding.. regions, and peptide., 
fragments of APC -which include the Gla region. 

^Inhibit ion. of "the inf lamimatory response .could be 
obtained by infusing, soluble EPCR. Alternatively, 
localizing EPCR* to surf aces in contact with blood 
would render the surfaces anticoagulant by virtue 
of the ability of. :EPjGRrto bind and concentrate the 
ant icoagulant APC at the surf ace . Alternatively, 
the function of EPCR could be enhanced by : 
overexpressing the ;i:PCR ::in endothelium used to coat 
vascular graf ts ' in patients -with vascular disease 
or on stents in cardiac patients. J : 

The DNA sequence can also be used for^ 
screening for other* homologous or structurally 
similar -receptor proteins using hybridization 

-probes-I-*^ . - -r - 

i 'These methods and reagents and: 
pharmaceuticals are more -readily understood"^ by : 
reference "to ^ the following . 
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' " ' - Screening of baV-i^ht samples for 

. - v. _ ■ , expression of f, re Tep'-.or 'proteins . \ 

, L Patients with: A^lnroTibosis or . . 

hyperinf lammatory , conditions could be screened for 

5 ^ defects in the EPCR gene , . Secp.ience ID No. 1, and 

consecutive portions thereof of 7 at least cJ^o.ut 

seven nucleotides, more preferably fourteen to 

' seventeen, nucleotides, most , pref eraibly about, twenty 

nucleotides, are useful in this screening using 

10 hybridization assays of patient? samples, including 

blood and tissues . „ :Screeriing: can- also be - : 

^ accomplished using:, antibodies,- typically: labelled 

" with a fluorescent, rarJiolabelled, or :enizymatic 

label, or by isolation of, target cells and 

15^ ^screening for binding aptivity. .as described in the 

examples above . . Typically, one. would screen for 

expression on either ; a- qualitative or ,c[uantitative 

basis , and for expression of - functional receptor , 

Labelling can be with ^?P;,: ^fS, fluorescein, biotin, 

20 ^ or other labels routinely: used with methods known 

to those skilled in :the e.rt for labelling of 

proteins and/or nuci-exc::acid sequences, 

;r Hybrid! zaii^lon zProhes - 

Reaction, condit^ions for hybridization of 

25 an oligonucleotide.>probe :or primer to a nucleic 

acid sequence vary/from^ aligonucleotide t,o 

c -oligonucleotide, I. .depenrding iion factors such as 

oligonucleotide leng:feh/7ithe;jnumb.er , of G, and C . 

nucleotides , and the composition i.of :: the buffer 

30^ utilized in the hybridization, reaction. Moderately 

stringent hybridization ^conditions are generally 

:understood by those- skilled in the i- art as- 

conditions approximately 25°C below the melting 

temperature of a perfectly base-paired double- 

35 stranded DNA. Higher specif icity; is generally . 

achieved by employing incubation ,,Gondit ions- having 

higher temperatures, in other words, more stringent 

conditions. In general, the longer the sequence 
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or higher the.^Gb ancU C content ,... the- higher- the 
temperature; as^d/or^^-sal t- . concentration required . 
. Chapter 11 of;. =the-iy;ell- known -laboratory manual of 
. Sambrook- et. al . : Molecular GiiONiNG: :A Laboratory Manual, 
5 second edition. Cold- Spring Harbor = Lc±KDratory 

Pressv New York -(1990)-c(which is incorporated by 
reference^ herein) , describes hybridization- 
conditions- for oligonucleotide probes cuid primers 
in great detailr, including a^ description of the 
10 factors: involved and;., the level ; of stringency 
necessary to; guarantee-, hybridization- with - 
; specif iei-ty-.- '}r, ^n^i-r^va - - : . .-^ ^ - 

r ^ - : - . The pref erred- size of . a, hybridization 
probe is -from .10- nucieotides to 100,000 nucleotides 
15.: in; length. Below 10 nucleptides, hybridized 

systems, are not: stable and will begin to denature 
jabpve 2 0 **-Cl. r Above lOO-; 000 nucleotides > - one finds 
that hybridization (renaturation) - becomes a much 
slower_and incomplete; process, ( as described in 
20 greater detail. -in tjhe , text Molecular Genetics, Stent, 
. : G.S. and R<: Calender r: pp. 213-2 ; Ideally, 

the probe, ^should. be:rf rom 20 to^ 10 , 000 . nucleotides . 
-r ,j , Smaller nucleotide; ^sequences (20-100) lend- 

themselves to production by .automated organic 
25. synthetic techniques .i>:vSequenceS; from 100-10,000 
nucleotides can: be obtained from appropriate 
r -v restriction endonuclease treatments^ The labeling 
of the smaller probes .with the relatively bulky 
^ chemi luminescent moieties -may in some cases 
30 . interfere with -the ^hybridization process.: 

- V . . ' O l . [ Generation of Antibodies: f^^ 

. - - , ; . .P,i?ffp9jS^-i^ -P^ Therapeutic Use 
. . „ , Antibodies to the receptor proteins can 
also be generated which ,are useful in detection, 
35 characterization or i^ receptor proteins, 

, . as well as for modifying receptor protein, activity, 
. in most cases, through inhibition of binciing. 
Antibodies are generated by standard techniques. 
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'using human or M re^ptror- proteins. Since the 

-proteins exhibit higb^%^di^ilt-ibhary conservation, it 
- may be advantageous to^^genferate antibodies to a 
protein of a different^- species of origin than the 
5 speciiBS in which the. antibodies are to be tested or 
utiilized, looking for thosis antibodies* which are 
imihunoreactive with the most ^evolutionarily 
conserved regions:-' Antibodies are typically 
^ generated by iramuhizat ion of an animal using an 
10 adjuvant such' as Freuhd's a'djuvarit in combination 
with an immuncgerAic amolint'^ of the prbtein ' 
administered over a period of weeks iii'^twc^ to three 
- 'week interval's, then- -isolated from the serum, or 
used to make hybridomas which express the 
15 antibodies in culture: Because the methods f or ■ 
" -immunizing animals yield antibody ' which is not of 
human origin,- the antibodies could elicit an 
■ adverse effect if administered to humans • Methods 
' -^ for "humanizing" iaiitibodies; or generating less 
20 ' ' immunogenic fragments of- non -human antibodies, are 
. .. , . well known.* A Kumani zed- antibody is one in which 
:i :.^;,only the antigen- reccghized sites, or 

cbmplementar i ly- det sririning hypervaricUDle regions 
(CDRs)' are of non-hurnan- origin,' whereas all 
25 ■ framework" regions (FR) of variable dbmainsv are^ 
products of humstn genes . These "humanized" 
antibodies present a lesser xenographic rejection 
' stimulus when introduced -to a hutnari recipient. 

• To accomplxsh humanizatidn of a~ selected 
3 0 mouse tnonoclbriai aiitibody, the CDR grafting method 
described by Daugherty, et al., (1991) Nucl. Acids 
Res , . 19:2471-2476, incorporated herein by 
reference, may be used. Briefly, the variable 
region DNA of a selected animal recombinant anti- 
35 " idiotypic ScFv is secjuericed by the method of 
' 'dlackson, T. , et ai: , {199i) Nature, 352:624-688, 
incorporated herein by reference I' ' Using this 
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sequence, animals GDRg are di St ingui from animal 

.framework regions- -i(ER) based /on f locations of , the 
CDRs in known -aequejxGjBS: of -animal variable genes. 
Kabat, H.A. > ^et al . Sequences :of Proteins of 
5 : Immunological Interest,,^ 4 th :Ed. (U.S.. rDept-. - Health 
and. Human Sery ices, rBethesda, MD, 1987) . Once the 
animal GDRs :and FR : are identified, the, CDRs are 
grafted onto human heavy : chain varieible region 
; / framework by the use pf. synthetic oligonucleotides 
10 and polymerase /chain reaction: (PCR) recombination. 
Codons for the cuiimal; heavy chain CDRs, as well as 
the availad:>le chuman ^h^^ chain variable region 
framework^ are built -^^^ (each 100 bases long) 

oligpnucleptides Using J^CR, a gr:afted DNA 
15 ,^ sequence of 400 bases is formed that ^encodes for 
the. recombinant animal , CDR/human heavy chain FR 

^ protection. 

. , The immunogenic stimulus presented by the 
monoclonal antibodiesf so produced may be further 
20 decreased by the use of Pharmaciia' s (Pharmacia LKB 
Biotechnology, Sweden) "Recoirtoinant. Phage Antibody 
System" (RPAS) , . which, generates a single-chain Fv 
fragment (ScFy) which i^corp6rates the complete 
^. antigen^binding domain of antibody. In the 

25 RPAS, antibody yariaiie , he and light chain genes 
are separately amplified from the hybridoma mRNA 
..and. cloned, into an expression vector. The heavy 
and light chain domains are co- expressed on the 
same polypeptide chain after joining with a short 
30, linker DNA which codes, for. a flexible peptide. 

, This assembly generates a single-chain Fv fracfment 
. (ScFy) which incprporates the complete antigen- 
binding domain of the, antibody. Compared to the 
- . intact monoclonal_antibody, the recombinant ScFv 
.35 includes a .considerably .lower number of epitopes, 
i and thereby presents a much weaker immunogenic 
:: Stimulus when in j ected into humans. 
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- The antibodies -xysih' be formulated in 

standard 'pharinac^etitical dSibr^eYs for administration 

to patients in need thererx^f^^-t-pv^hese include saline, 

phosphate buffered saline, and "other aqueous: 

5* carriers, and liposoTtes, ^polymeric microspheres and 

other controlled release delive'ty -devices, . as are 

" well known in the art .^ The antibodies can also be 

' administered with adjuvant, ^such^ as muramyl 

dipeptide or other 'materials approvied : f or use in 

10 humans (Freund' s adjuvant : can be used for 

administration of sffttibody ' to. animals) . 

-- Screening fo^^^druas rmbdf f vina or altering 
the extent .of receptor function or 
expression ' 

15 ^ The receptor proteins' are useful as 

targets for compounds which turn onT or dff, or 
otherwise regulate binding to these receptors . The 
assays described above clearly provide routine 
methodology by which a compound can be tested for 

20 an inhibitory effebt on fiinding bf PC or APC. The 
in vitro studies of compounds which aippear to 
inhibit binding' selectively to the receptors are 
then conf irmed by ariimkl' testing J Since the 
moiecules are so higHly evblutionarily conserved, 

25 it is possible to conduct "studies in laboratory 
animals such as mice to predict the effects in 
humans . 

In cases whie're inf lammatory mediators or 
vascular disease down regulate EPCR, it would be 

30 advantageous to increase a!ts conceritratiori in vivo 
on endothelium, The^ binding assays described here 
and the gene sequence all'oW assays f 6'r increased 
kpCR expression. Similar ajpproaches have been 
taken with thrombomodulin and investigators have 

35 shown that cyclic AMP (Maroiyama^I, et al . (1991) 

Thrombosig Research 61/ 36r-3iO) iand interleukih 4 
(Kapiotis,S, et ai: , (1991) Bloo^ 78,-4io-4i5) CcUi 
elevate thrombomodulin expression. The ability to 
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screen such droigs . c^fidrugsr that bloqk :TO 
regulation of EPCR provide an approach to elevating 
EPCR expression^ ix^i.vo and thus -enhancing 
anticoagulants and :anti-inf lanimatory activity. 
5 Studies based on. inhibition of binding 

are predictive for indir.ect. effects of alteration 
; of. receptor, binding. - For exan^le, inhibition of 
binding of APC:. qr increased - expression of TNF is 
- predictive of ixihibitiont.of EPCR function. 

10 Assays for testing c for useful 

activity can be based, solely, on interaction with 
the. receptor protein^ ^^p^ expressed on the 

surface of transfected cells such as those 
described above. Proteins in solution or, 

15 immobilized on inerjt substrates can also be 

. utilized. These can be used to detect inhibition 
, or enhancement in binding of PC or APC 

Altematiy.ely,. the assays can.be based on 
interaction with the gene sequence encoding, the 

20 receptor protein, preferably the regulatory 

sequencefif directing^ expression of the receptor 
protein. For example, euitisense which binds to the 
regulatory seqi^jences, and/or .to the protein 
encoding sequences^ can. b^e synthesized ^^^^ 

25 standard oligonucieotide synth^ chemistry. The 
antisense can be stabilized for pharmaceutical use 
^using standard metho^^ in a 

liposome or microsphere; introduction of modified 
nucleotides that are resistant to degradation or 

30 groups which increase resistance to endonucleases, 
such as phosphprothiodates. and methylation)., then 
screened . J.nitially for , alteration of receptor 
, ^activity, in -transfected or naturally occurring 
cells, which express^the receptor, then in vivo in 

35 laboratory animals. Typically, the antisense would 
.inhibit . expression. Hpweyer, sequences which block 
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' those sequences which ^'' tij^n "^of t synthesis can also 

• be targeted. -..:>j-^o-q ^ : / . ' - : 

. ^ v The^ receptor '^prot'esin for study can be 

isolated- f rom either hatAJfrally occurring cells or 

5 cells which have been genetically engineered to 

express the -receptor, : -as described in the examples 

above. - In the. preferred embodiment/ the cells 

would have been engineered using the intatct gene. 

Random genercLtion of receptor or 
10 . receptor encoding sequence binding^ 

indieciiles. " 

' Molecules wxtti a" given function, 

catalytic or ligaiid-bin^^ can be ^Selected for 

from a complex mixture 'o what 

15 has been referred to^as "in vit 

(Szostak, (1992 ) TIBS 19 ra^^^^ One synthesizes a 
large pool of moleculeis' bisaring random and defined 
sequences and subjects '^tKat complex mixture, for 
' example, approximately fo^^^ sequences in 

20 100 /ig of a ioo nucleotide Rllk," to some selection 
and enrichment prbces^^^ For example, by repeated 
cycles of af finity chro arid PCR 

ampiif icatiori of the' mqiechiies bbiihd to the ligand 
on ' the cblunih , Ell ingt on arid 1§ zos t ak (1990) 

25 estimated' Vhat i iri %0^^"'SNA 'mo^^ in 
such a wky as to ibihd a^^g^^^ DNA 
molecules with isrich Xiga^^^ bishavior have 

iDeen isolated (Ellirigtori' a^^ 1992; Bock et 

'al, 1992)'l^ " ■ • -'^-^ ■■■--■^ 

30'"^ . 'Cojnputer assisted drug design 

Computer mb 

visualization of trie th'ree-dimerisiorikl atomic 
structure* of a seTiected molecule rational 
design of new compounds that Will interact with the 
35 molecule. The thr^'e-dirrlerisidriai construct' 
typically depends on' data from x-ray 
crystal lographic analyses or NMR imaging of the 
selected molecule. The molecular dynamics require 
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^ force f ield, dajt^,^ ,.^he,-^ computer graj^hics^ systems 
enable, predict jlpfi j>i ,l>^w, a ,new comppuiid will.^ link 
. to the target „mo;Ljei4iule and ..allow experimental 
, manipulation, of^ the :St:ructures of .the_ compound and 
5 target molecule to per^fect binding „specificity. , 
Predict ion ^pf „,what the ^molecule - compound 
interact ion ^ wjL 11 be. when, small chsuiges are made in 
- one, or. bojth rejg^ir^s .molecular mechsmics sof tware 
and_computationally , intensive computers, usually 
10 coupled with, MS.er- friendly,, ^^^^^ interfaces 
. between , the, ^molec^ljax.d^^ and the user. 

Examples.pf^moie modelling systems 

, a re , the, CHftRMm ^nd .QUANTA programs , Polygen 
, . Corporation, .Waltham,. JiJA, ^ CHARMm performs the 
15. energy minimization _ and molecular dynamics 

functions^vr. QUANTA perf the construction, 

graphic, modelling. an4 .analysis of molecular 
, , . st^cture. QUANTA alXpws interactive construction, 

modificatipn, visualization, suid analysis of ^ the 
20 , behavior of molecules with each other, 

A numb^ar . pf .^^rtiqles r^^ computer 
modeling pf drugs, interactive with specif ic 
proteins, such as Rotiyineri, et al., (1988) Acta 
Pharmaceutica Fennica 97, 159*166: Ripka. New 
25 Scientist 54-57 (•June if,. 1988) ; McKinaly and 

Rossmann, ( 1 98 9 > Annu . Rev > Pharmacol . Toxic iol , 
. 29, ?.11-t1227 Per^, and.Davies, OSAR: Quantitative 
Structure -Activity Relationships in Drug Design pp. 
189^-193 (Alan. R, , Liss.,. Inp.-, 1989).; , Lewis and Dean, 
30 .-^^(1989) Proc. ^ R. Soc> Lond, 236, 125-i4Q and 141- . 
. ^ ±62; and, with respect to,^. model, receptor for 
nucleic acidi Cjpmpqnents, . Askew, et al,. , (1989) J. 
Am , Chem , . Soc . .111 , 1082-1090 . Other ~ computer 
; ^programs that^ screen and. graphically depict 
.35 - chemicals.,. are. available from companies, such, as . 
BioDesign, Inc., Pasadena, CA, , Allelix, Inc, 
Mississauga, Ontario, Canada, and Hypercube, Inc., 
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Cambridge, Ontario. 'AltLjugK these are primarily 
" designed* for application tb drugs specific to 
particular jproteins, they call be adapted to design 
of drubfs specif ic to "regions of DNA or RNA/ once 
5 that region is identified . 

Although described above with reference 
' to die sign and generation of c6mpo\inds which could 
alter binding, one could atl so screen libraries of 
known' cdmpbiinds / including 'natural p^roduct s or 
10 synthetic chemicals, aiid biologically active 

materials , including proteins , for compounds which 
■ are inhibitors' 6r activators. " 

- Generktloii of nuclei b acid regrulators 

Nucleic acid niolecules containing the 5' 
15 regulatory sequences of the receptor genes can be 
used to regulate or inhibit g^ne expression in 
vivo Vectors , ' includihg both plasmid and 
^ eukaryotic viral vectdt^, may be used to express a 

pkrticulair recombinant's' fl^ region-gene 
20 construct in dells depehdirig oh thfe preference and 
judgment' of the skilled prabtitioner (see, e.g. , 
SamtDrook et al . T Chaptei^' 16) . Furthermore, a 
number of Viral and' nbhviral vedtors are being 
developed that enc±>le the introduction of nucleic 
25 ' kcid "seqiieiices in" vivo (s5^e, e .g. , Mulligan, (1993) 
■ Science . 260l 926-932, Un^^^ States Patent No . 
• 4 , 980 , 286 ; United States Patent No; 4 , 668 ,116 ; 
incoarporated herein by reference) Recently, a 
delivery system was developed in which nucleic acid 
30"^ i^ Encapsulated- in catipriic liposomes which can be 
'injected intravenously into a mammal. This system 
has been used to introduce DNA into^ the cells of 
multiplE tissues of adult mice/ includihg 
ehdbthelium and bone fnarrow (see; e.g. , Zhu et al . , 
35 (1993) Science 261, 209-211; iricorpbrated herein by 
reference) . ' ' * ■ 
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: . . r The ; 5'' -f lunking sequences of ther receptor 
gene can also. be_jis expression of 

. ' the receptor J- iFor example, an.antisense RNA of all 
or a portion of the , 5 flanking . region of the 
. 5 receptor gene can be •i.used .to inhibit . expression of 
the receptor -in vivo, r Expression vectors e.g. , 
retroviral ^expression vectors) are already. . 
availcd>le in ithe .art which can be used to generate 
an> antisense RNA of a selected.DNA sequence which 
10 : is expressed in.} a' cell (seie, e.g. , U.S^ Patent No. 
4/868,116; U .S Patent No :r4, 980 ,286 ) 
Accordingly, cDNA .containing all or a portion of the 
sequence of the ;5 ' : f lanking rregion of the receptor 
gene can be . inserted J into :an appropriate expression 
15 . vector so thatr.upon /passage into the cell , the 
- transcription* of the inserted DNA yields an 

antisense RNA that is ^ complementary to the mRNA 
transcript of the . receptor protein ; gene normally 
found, in the cell-. This antisense RNA transcript 
20 of the ihsertied. DNA. 'can then base-pair with the 
normal mRNA transcript .found in the cell and 
thereby prevent; the/niJ^Aytf rom being, translated. It 
is of course necessaryv to:; select:, sequences of the 
5' flanking region- thatr^are downstream from ^ the 
25 transcriptional start 'Sites for the receptor 
protein gene to ensure that: the antisense RNA 
- -contains complementary;" sequences present on the 
^ — . mRNA--v-.v:. . ; ^ - :^ - 

o. : Antisense RNA can ^ be generated , in vitro 
30 -also, and then inserted into cells . . . - 

Oligonucleotides can be . synthesized, on an- automated 
- synthesizer j (e .g. / Model 8700 automated synthesizer 
of Milligeh-Biosearch, ' Burlington, MA or. ABI Model 
-380B) . In addition,'*:antisense * . - 

35' ' deoxyoligonucleotideis -have been shown to be 

. effective in inhibiting, gene.-transcriptipn and 
' h Iviral -replication ; (see e.g.., Zamecnik et al . , 
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- ? "(1978) Proc. Nat:l^.^Acadv<i'Sc£. USA 75. 280-284; 

Zamecnik et al / Mi9'86:)-> ga^og. eNatl , Acad, Sci . . 83 , 
4143-4146; Wickst^rom et' 'al^. pto(il988) Proc. Natl. 
Acad. Sci . USA 85 ; 1028-r:03g.;? Crooke, (1993) FASEB 
5 7, 533-539.'^ rFurthermore, recent ; work has shown 

that improved inhibition of - expression . of a gene by 
ant isense oligonucleotides is possible if the 
antisense oligonucleotides contain .modified 
nucleotides (see / ::e;g^j, : Of fensperger et . al . , 
10 (1993) EMBO J; 12. :el257-1262» (in vivo, inhibition of 
duck hepatitis B viral replication and: gene 
expression by antisense rphosphorothioate 
V ^ oligodeoxynucleoticjes) ;-^GT ^WO-93/01286 Rosenberg 

et al . , ( synthesis -of > sulfurthioate:i 
15 oligonucleotides) ; vAgra^ralr et jal . , (1988) Proc . 

Natl. Acad. Sci. USA - 85:/ 7079-7083 (synthesis of 
antisense oligonucleoside>-phosphoramidat.es: and 
phosphorothioates to inhibit replication of human 
immunodeficiency virusr Of):; Sarin et al., (1989) 
20 : Proc . Natl . Acad . r. Sci . rUSA ■ 8 5,. c 744 8 -7794 (synthesis 
of antisense methylphosphonate oligomxcleot ides) ; 

al , M 991 V > Nucleic Acids - Res 19, 747-750 
( isynthesis of 3 ' exonuclease- resistant 
oligonucleotides containi.ng 3i'::rterminal 
25 phosphoroamidate^ modif icationa) ; incorporated 
herein by reference)/;:: or : ' : 

The sequenceff/of : the .5' flanking region 
of receptor protein gene can also be used in triple 
helix (triplex) - gene - therapy . Oligonucleotides 
30 complementary to gene promoter .sequences on one. of 
the strands of the -DNA^have been, shown to bind 
promoter and regulatory :sequences to form local 
triple nucleic acid- helices whi-ch : block ^ 
transcription of the gene, .-(see/ e .g,, Maher* et al., 
35 (1989) Science 245 .725-i730 ; . Orsoncet ,al ^ :(1991) 
Nucl . Acids Res. 19, : 343 5H3 44 1.; Postal et al . , 
(1991) Proc. Natl. Acad. JSC i. USA r88 ^8227-8231 ; 
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Cooney. et al . ,-(,19^8.8) Science 241. 456-459;. Yoxing 
et. al, (1991), Proc^ Natl. Acad. Sci. USA 88, 
.10023-10026;, E^vi^;L.-Valentin et ^1.^ (1992) Proc, 
Natl. Acad^-Sci. USA -^89. 504-508: Btlume et al . , 
5 (1992) Nucl . Acids Res . .20, 1777-1784 : Griaoriev et 
al., (1992) J. Biol. Chem.. 267, 33 89-3^395... .- 

... Recently, both theoretical, calculations 
and,^ empirical findings .have , been reported which 
provide guidance for the design of . oligonucleotides 
10 for .use in oligonucleotide5,-directed. triple^^^ 

-formation .to .inhib^it „gene .e3^ Fpr example, 

- oligonucleotides :should .generally .be great^^^ than 
.14 nucleotides in length to ensure target sequence 
specificity (see,- e .^g ^ #, -Maher e al. , (1989J ; 
15 Grigpriev et al (1992 ),J. Also, .many pells ayijdly 
take, up. oligonucleotides ..that are less, than 50 
. nucleotides^, in .length., (see e.g. , Orson et al . , 
(1991).,- Holt et al. , (1988) Mol. Cell. Biol.. 8, 
963-973; Wickstrom^ et • al • , (1988) Proc . Nat 1 . Acad . 
20 Sci. USA 85, .1028-1032) • , ;To reduce susc<eptibility 

to intracellular degradation, for .example, b^ 3' 
. . exonucleases, a free. amine, can be introduced to a 
3 ' terminal hydroxy 1 ; group, .of oligonucleotides 
. . , without loss .qf sequence- binding specif ipity (Orson 
25 - et al. , ,199.1).. Furthermore , more , stable triplexes 
- , . ,are :f oirmed if , any cytp^ines^that .may. be present in 
.the ,oligonucleotid<B..-are methy also if an 

intercalating agent ,, such as an acridine . . ^ 
. derivative,- is coval^ently attached to a 5' terminal 
30 phpsphate...(eigr. , : via a pentameth^lene bridge) ; . , 
again .without -.loss, of sequence specificity (Maher 
. et al, , r (1989) ; ; Grigoriey et al. , (1992) , . 
- o-;. • : , . Methods to^ produce or synthesize 

oligonucleotides ^are. . we 11„ known in the -art.. Such 
3.5, .methods, can -range from standard enzymatic digestion 
. .. f followed by nucleptide, fragment isolation (see 
: . - :vr:,?r^ -S- ^^i^n^^P?^: Chapters 5 , 6) to purely 
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synthetic methcdsy- for example/ by the' cyanoethyl 
phosphor amid±t^^ method tisihg a* Milligen or Beckman 
System IPlus DNA synthesizer (see also, ■ Ikuta et 
al: , (1984) Ann . Rev . Biochem , -53 , 323-356 
5 (phosphotriester and phosphite -triester methods) ; 

Narang et 'al./ (1980) Methods Enzymol . , 65, 610-620 
(^hosphotriekteir method) / Accordingly, DNA 
sequences of the 5' flanking region of the receptor 
protein gene described herein can be used to design 

10 and construct oligonucleotides iiicluding a DNA 
sequence consisting essentially of at least 15 
consecutive nucleotides^ with or without base 
• ^ modifications or intercalating agent derivatives, 
for' use in forming 'triple helices specifically 

15 within the 5 flanking region of a receptor protein 
gene in order to inhibit expression of the gene. 

In some cases it may be advantageous to 
insert enhancers or mtiltiple copies of the* 
regulatory sequences into an expression system to 

20 facilitate screening of metho^ds and reagents for 
marilpulatioh of expression, ^ 

PreparsLtion of Receptor Protein Fragments 

Compounds which are effective for 

: V blocking binding of the receptor can also consist 

25 of fragments of the receptor proteins, e?qpressed 
- recombinantly and'cleaVcd by enzymatic digest or 
expressed from a sequence ericodiiig a peptide of 
less thaii the full length receptor protein v These 
will typically be soluble proteins, i.e. , not . 

3 0 ^ including the transmeinbrane and cytoplasmic 

regiotis; although smaller portions determined in 
the assays described above to inhibit -or compete 
for binding to the receptor proteins can also be 
utilized. It is a routine matter to 'make * 

35 appropriate receptor protein fragments, test for 
' binding, and then utilize. The pi ef erred fragm nts 
are of human origin, in order to "minimize potential 
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immunological, re^ppnse.,. .- The.. peptides .can .b^ ,as 
short as five to eight: amino .acids in length smd 
are easily prepared , by. standard . techniques . They 
can also be modified to-, increase in vivo half -life, 
by chemical modification- of. the amino acids or by 
attachment tp a: carrier molecule or inert , 
substrate. Based on studies with other peptide 
fragments blocking;, receptor binding, the IC50, the 
dose of ^peptide jrequired. to inhibit -binding i>y 50%, 
.ranges from abovit . 1 /xM^ to^ greater than 10 mM, 
depending on. the- peptide size and folding , , These 
ranges are well; within thiS effective concentrations 
for the in; vivo adminisjtrat ion of peptides, based 
on comparison with the.. RGD- containing peptides, 
.described, for. example, , in U.S, Patent No, 
4, 792 i 525; to Ruoslaghti,: et al . used in vivo to 
alter cell attachment , and phagocytosis- The , . 
peptides can also be, conjugated to a carrier 
protein , such as keyhole, limpet hemocyanin. by its N- 
terminal cysteine by standard procedures ; such as 
the:.commercial Imject. kit from Pierce , Chemicals or 
expressed as a fusion protein, which may. have 
increased efficacy. . , . : ^ . 

r As noted , above , , -.the pept ides can. be 

prepared by proteolytic jcleay age of the receptor 
proteins , , or, preferably,- by synthetic means . 
These: methods are ^known, to those skilled, in the 
art > r , An- example is the solid phase synthesis 
.described: by J. Merrif ield, (1964) J , Am , Chem . 
Soc, 85.-t 2149; used in U.S. Patent No., 4 , 792 , 525 ,^ 
and; described in . U . S . Patent No . 4 , 244 , 9,4 6 , wherein 
B protected alpha-amino- acid is coupled. to, a 
suitcdDle resin, to initiate synthesis of a peptide 
starting ; from the. C-terro of the peptide. Other 

methods rpf synthesis^ are - described in U.S. Patent 
No . 4 , 305 ,-S72 jand 4 ^ 316 , 89 1 - , > These methods can be 
fused tp synthesize., peptides, having identical 
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sequence to the receptor^|yr6'tfeins described herein, 
or substitutions or addi-^^hs b£ amino acids, which 
can be scareened for actiVity^a^sr described above . 

The peptide^^ cfah alsb^lie administered as a 
5 pharmaceutical ly acceptrable ' acid- or base- addition 
salt, formed by reaction- with inorganic acids such 
as hydrochloric acid,' hydrdbrotnib acid, perchloric 
acid, nitric acidv thiocyknic acidi, sulfuric acid, 
and phosphoric acid, ' and organic acids such as 
10 formic acid, acetic aeid;^ propionic "acid, glycolic 
acid, lactic acidV pyruvic- acid oixfalic acid, 
malonic acid, succinic^ acxdv maleic acid, and 
' ' ^ f umaric acid,-^ or by^ ireab'tiori^ inorganic base 

such as sodium hydroxide,'- -amrabhiu^^ hydroxide, 
15 potassium hydroxide,^ and- organic bases' such as 
mono-, di-; trialkyf' and''aryl?'aTftiries and* • - A 
substituted ethahblamihesT ' 

Peptides cbritairiing cj^c 1 bp ropy 1 "amino 
" acids, or amino acids derivatized- in a similar 
20 fashion, can -also be' us^d>^^^^^^^^^ peptides retain 

their original activxt^' but liave increa 
lives in vivo'. Methods known for modifying amino 
acids, and their use, are knbWn to those skilled in 
the art, 'for' examjpre, 'ais -d^ U.S. Patent 

25 ko. 4, 629,784- to Stanimer: =^ - ^ 

The- peptides '^fe generally active when 
administered pareritefaliy' in ^'amounts above about 1 
/zg/kg of body weights -Based bii extrapolation from 
' other proteins, for treatment of most- inflammatory 
30 disorders ; the dosage range will be betweein 0 . 1 to 
70^ mg/kg of body weight . This dosage will be 
dependent, in part, on'- whether :ond or more peptides 
are administered: ^'^^^-^ ^ - s 

^ ' PharTnaceu-ticai- Cathpositiohs 

35 - Compounds which alter receptor protein 

binding are preferably- administered in a - 
pharmaceutically acceptable vehicle. Suitable 
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pharmaceutical -Vehicles are '^k^ to those skilled 
in the art. For ^parenteral- administration, the 
compound will- usuaEIly- be dissolved or suspended in 
sterile water "or -saline V -For enteral • - : 
'administration/ the Icompbund- will be incorporated 
into an inert carrier in tablet, liquid, or 
capsular 'forrrT.^', Suitable carriers 'may be starches 
or sugars and include lubricants , flavorings , 
binders, and other materials of the same nature. 
The compounds can- also" be administered locally by 
topical application of ^ a solution,' cream, gel, or 
polymeric -material - ( f br^ example , a Pluronic™, 
BASF)*." ' ^ .... .v-: 

^- ' - Altematively, the compoiind may be 
administered in- liposdmes or microspheres : (or 
' microparticles) -l - - Methods' for preparing -liposomes 
and microspheres^ for administration^ to a: patient 
are known to those' sk-ii-led in the art. ^ U.S. Patent 
No . - 4 > 789, 734 describe methbds for encapsulating 
biological r materials^ in- riposomes Essentially, v 
the material is dissolved ^in ^an aqueous solution, 
the appropriate phosf>holipids and lipids radded, 
along with surfactants if a^equired,: and the ; 
material dialyzed or sonicated, as necessary. A 
review of known methods is by G. Gregoriadis, 
Chapter 14. "Liposomes", Drug Carriers in Biology 
and Medicine pp. 287-341 (Academic Press, 1979) . 
Microspheres formed of polymers or proteins are 
well known to those skilled in the art, cuid can be 
tailored for passage through the gastrointestinal 
tract directly into the bloodstream. 

Alternatively, the compound can be incorporated and 
the microspheres, or composite of microspheres, 
implanted for slow release over a period of time, 
ranging from days to months. See, for example, 
U.S. Patent Nos. 4,906,474, 4,925,673, and 
3,625,214. 
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. > As.:describedofeea^^ii;t,:...a variety of • 

compounds can /bemused -itoiinhibit: or. enhance, 
expression of the fEPCRv :; r The : nature of the disorder 
5 will determine if .the.Tiexpression should be enhanced 
or inhibited. . For ; example -based on the studies 
: involving; the use of -M anti-protein C antibody in 
combination with:, cytokine, it .should be possible to 
treat solid stumors- by v enhancing an inflammatory 

10 response - involving blocking :pf, protein , C or 

activated protein C binding: to ;,an; endothelial cell 
protein C/activ^ted .p^rptein -C;,reQeptpr ^^.b^ 
administering to a patient in need of treatment 
thereof an . amount-: of. p: jcpmppund blocking binding of 

15 protein C or activated, protein -C to the .receptor .^^^ 

Similarly; it should be possible : to treat .disorders 
such as gram negative sepsis, stroke, thrombosis, 
septic shock, adult respiratpr^*^ distress syndrome, 
_ and pulmonary emboli: using, a method for inhibiting 

20' .\ an. inflammatory response, invplying. administration 
of EPCR or EPCR f ragments, or substances that 
upregulate EPCR. e^sroress ion . to a patient ^ ^ of 
treatment thereof;. a./ vi- j:\ ; - , 
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We claim. 

1. An isolated endothelial cell protein 
C/activated protein C receptor. 

2 . The receptor of claim 1 encoded by 
the nucleotide sequence of Sequence ID No. 1 and 
degenerative sequences thereof and sequence having 
conservative substitutions, additions or deletions 
thereof hybridizing to Sequence ID No. 1 under 
stringent conditions , which encode * the receptor . 

3. The receptor of claim 1 having the 
amino acid sequence of Sequence ID No. 2 or a 
sequence having conservative Substitutions, 
additions or deletions thereof. 

4. The receptor of claim 1 expressed oh 
the surface of a non-human cell or a non- 
endothelial cell. 

5. The receptor of " claim 1 in soluble 

form. 

6. The receptor of , claim 5 , lacking at 
least a portion of the transmembrane region. 

7. A nucleotide secjueiice encoding an 
endothelial cell protein'^ C/activated protein C 
receptor. K\ 'i\ ^ ; 

8- The sequence of claim 7 having the: 
nucleotide sequence of Sequence ID No. 1 or 
degenerative sequences thereof and sequence having 
conservative substitutions, additions or deletions 
thereof and hybridizing under ;Stringent;^^;conditions 
to Sequence ID No. 1. 

9. The sequence of claim 7 encoding the 
amino acid sequence of Sequence ID No. 2 or a 
sequence having conservative substitutions, . 
additions or deletions thereof. ■ 

10. The sequence of claim 7 further 
comprising an expression vector. 

11. The sequence of claim 10 further 
comprising an expression host. 
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12 . ' f The; sequence of .^claim 10 -expressed 
on the surf ace .of :a> non-human cell or a non- 
endothelial cell- -co ^ . . - , i * 

13.. The -sequence of .claim 7 : encoding a 
solxible form of the receptor. . 

-14 ;. The sequence of claim 7 encoding a 
. fragment of the receptor of at , least fourteen 
consecutive nucleotides in; Length. . , r 

15- The sequence of claim 14 labelled 
with; a detectable label > - 

1 ^ : .16 . A .rajethpd ^for .enhancing an , . 
: . inflammatory responser 'involving blocking 

C or activated \protein :G,:binding to an endothelial 
cell protein :C/activated -protein C receptor 
comprising administering to a patient in need of 
treatment thereof . an .amount of a compound blocking 
binding of protein C or activated protein C to the 
receptor. , .tumors 

17 - The method of claim 16 wherein the 
compound is selected-f rom the group consisting of 
antibodies smd fragments: of antibodies to, the 
receptor/ nucleic acid: s;equences inhibiting 
V expression of the receptor, and synthetic or 

natural compounds other than proteins, peptides or 
nucleic: acid sequences which . inhibit binding. 
; - :rl8. A methodrr^fpr. inhibiting an 

inflammatory response: involving .administration of a 
compound selected- from the group consisting of EPCR 
or EPCR fragments and: substances that upregulate 
- EPCR expression to a * patient in- ne^ed; of treatment 
thereof. 

19. An antibody or antibody fragment 
specifically immxinoreactive with a unique epitope 
of an isolated endothelial cell protein C/activated 
protein C receptor. 

20. The antibody of claim 19 wherein the 
receptor is encoded by the nucleotide sequence of 
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Sequence ID No. 1 arid^^degene'^a^ative sequences 
thereof and sequence- ' 
substitutions, additions or deiletions' thereof and 
hybridizing -to Sequence ID -No. 1 under stringent 
conditions. , . j y^-::i - - . . „ 

21^ The antibody of claim 19 wherein the 
' receiptor has the amino acid sequence of Sequence ID 
No. 2 or a sequence having conservative 
substitutions, additions or deletions thereof. 

22. A me t he'd £or s cr e ening for - a 
compound which 'alte^is ^th^' 'binding of an endothelial 
receptor protein tof^^pirotein -C -^or activated protein 
• C comprising providing -ar£ assay ef or binding of 
protein C or activated protein' C to the receptor 
- ■ protein, " - -' \ ../ij.-- . . 

adding the -compound to be t ested to the 
• assay, 'and ' .^r :. - o -c: 

determining if the amount of protein C or 
activated proteifi-^C^ whi'ch is Abound to the receptor 
protein is altered as compared to binding in the 
absence of the compound to "be tested. 

■ :23 ; - method-^for ^screening patients for 
abnormal ' receptor protein : activity/ or function 
comprisihg^^- - T;^-r:.:;o .y::ric:.r. 
^ ' determining the- presence of an.^ 

endothelial cell stirface i receptor binding protein C 
and activated protein ' C;c: and v-: ; , • 

comparing -the: receptor . to determine if 
- the quantity present' or*'- the function of. the^ 

receptor is equivalents to that, present in [normal 
cells . 
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CLONXNG AND REGULATION OF AN ENDOTHELIAL CELL 
PROTEIN C/ ACTIVATED PROTEIN C RECEPTOR 

Backgroxind o£ the Invention 

The present invention is generally in the 
area of cloning, expression, and regulation of an 
endothelial cell protein C/activated protein C 
5 receptor . 

Protein C plays a major role in the 
regulation of blood coagulation. Patients 
deficient in protein C usually exhibit life 
threatening thrombotic-complications in infancy 
10 (Seligsohn et al., (1984) N. Enal . J, Med. 310, 

559-562; Esmon, (1992) Trends Cardiov asc. Med. 2, 
214-220) that are corrected by protein C 
administration (Dreyfus et al , , (1991) Enal . J. 
Med. 325, 1565-1568) . In addition, activated 
15 protein C (APC) can prevent the lethal effects of 
JET. coll in baboon models of gram negative sepsis 
(Taylor et al . , (1987) *J. Clin. Invest. 79; U.S. 
Patent No. 5,009,889 to Taylor and Esmon) and 
preliminary clinical results suggest that protein C 
20 is effective in treating certain forms of human 

. septic shock (Gerson et al.., (.1993) Pediatrics 91, 
418-422) . . These, results, suggest that protein C may 
both control coagulation and influence 
inflammation! Indeed, inhibition ot protein S, an ; 
25 important component, of the protein C pathway, 

exacerbates the respibnse, of primates to sublethal ] 
levels of E. coll sirid augments the appearance of 
' . ^TNF in the circulation (Taylor et al . , (1991) Blood 
^ 78, 357-363) . The niechanisms involved in. 
30 controlling the inflammatory response remaiin 

unknown. - ^ >- - 

Protein C is activated when thrombin, the 
terminal enzyme of the coagulation system, . binds to 
an endothelial cell surface protein, thrpmbomodulin 
35 (Esmon, (1989) j. Bioi. Chem. 264, 4743-4.746; 

Dittman and Majerus, (1990) Blood 75, 32'9-336; 
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Dittman, { 1991 ) r -Trends CardiovaBc. Med- j , 
. - 331-3 3,6 ) . . In ..qftl X ,-5^1 ture., thxombompdul in 
... transcription is. blocked by exposure of endothelial 

cells to tumor necrosis factor (TNF) (Conway and 
5. Rosenberg, (1988) Mol . Cell. Biol . 8. 5588-5592) 
^'^^ thrombomodulin activity and antigen are 
subsequently internalized and degraded- (Lentz et 
al., (1991) Bloo<j 77, 543-550, Moore, K.L., et.al., 
(1989) Blopd 73, 159-165). In addition, C4bBP, 
10 a. regulatory .proteiin. of, the complement system, 
. ^?inds protein ,.S to form a that is 

; functionally inactive in supporting APC 
- . anticoagulant- act iyity. in vx (Dahlbac)c, (1986) 
. . J . B^ol . Chem . 2^1, .,12022-12027) and in vivo 
- (Taylor, et al, ,. .1991) ,, Furthermore,. C4bBP behaves 
^® . ap^<=}*^® P^^a.s^ ^®^ctant (Dahlback,. (1991) .- 
Thromb. Haemostas . .66,, 49-61) . , Thus, . proteins of 
this pathvfay not only^appear to regulate 
inflammation, but they, also interact with 
20 components that regulate inf laramation, and they 

themselves .are., subject , tO; down .. regulation by 
inflammatory mediators...,,. ., 

. *^^?.?^^Pir^Fal. role of the protein C 

pathway in regulating.,. the host response to 
. ^.^f^^'""^.':?-.®'^ and, the > critical ro of the pathway 
in controlling.ilop<^; coagulation, it is important 
^°44®^tify and characterize all of the components 
■ .^.^f interact with .the, system.. This is especially 
'. ; 5^"®, .since the molecular basis of the 
.1^9 ..anti- inflammatory effejcts pf the protein C pathway 
. ; . ;.j Components have yet ..to be elucidated at the 
J . molecular level. . 

. V r ; .^^ is ..therefore -an object of the present 

/ invent icpU: to, pr.pv^^^ a cellular receptor for 

35 protein C.. and activated, protein C. . 

. . r::;. .?;^. is . further object of the present 
invention to provide nucleotide sequences encoding 
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the^ bisllular ^'recepto#^'hd 'amino acid 
characterization of the' which allows 

e^qjres'sion of recdmbihant' native and modified forms 

- - of the receptor. 

5 It is another object of the 'present 

invention to provide methods of modulating the 
- dnf lammatory response involving protein C and 
activated protein C. 

Suinmary of the Invention 

10 - An endothelial cell protein C binding 

protein (referred to herein as "EPCR") has been 

- cloned and ch'aracterizedv' The protein is predicted 
to consist of 238 amino acids/ which includes a 15 . 
amino acid signal sequence at the N- terminus, and at- 

15 23 amino acid transmembrane" region which " 
characterizes the receptor as a type 1 
transmembrane protein/ The pr^otein binds with high^ 
affinity to both pfbtein C and activated protein C r 
(Kd=30 nM) and is calcium dependent . ^ The message 
20 and' binding function' of the receptor are both down 
regulated by cytokines such as TNF. 
; ' These rkslilts* identify a new member of a 

complex pathway that v* like other members of the 
pathway, is subject to regulation by inflammatory 
25 cytokines,- and can therefore be used to modulate 
inflammatory reactions' in which protein C or 
activated protein C is involved; Inhibition of 
the inflammatory "response* can' be obtained by 
infusing soluble EPCR-. Alternatively , localizing 
30 EPCR to surf aces in contact with blood will render 
the surfaces anticoagulant by virtue of the ability 
of EPCR to bind and' concentrate the anticoagulant 
' activated protein- C at the surf ace , Alternatively, 
the function of EPCR 'can be enhanced by * 
35 over expressing the EPCR in endothelium that could 
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... be used tO; coat- iwagcu^^ir grafts in patients with 
■ vascular disease pr^pn stents in cardiac patients. 

B'^i^of; Description of tlio DrawingB 

'. Figures .lA. IB and IC are . flow ..cytometric 
5 , analyses of :.F1.APC (fluorescent labelled activated 
' ...protein C) binding to HUVEC .(human umbilical vein 
- endothelial cells) . Figure lA is a graph of cell 

number versus logvof ^fluorescence intensity, 
: demonstrating, Fl-APC binding to HUVEC. HUVEC (1 x 
10 10^:) were ,incubated:-at room temperature without 
. . (dotted line) or with, 160 nM of Fl-APC (solid line) 
in the .-presence., of 1 . 3 mM CaClj . - After washing, 
bound AEC was analyzed .by, flow cytometry... Figure 
i.. IB is a. graph of fluorescence intensity versus Fl- 
15 .APC concentration -(nM) < demonstrating: the . 

> concentration dependence of Fl-APC binding to 
. HUVEC. HUVEC were incubated with Fl-APC in the 
absence (open circles) or presence of . i . 3 mM CaCl^ 
(closed circles) and binding. was measured as in A. 
Mean channel fluorescence intensity is plotted for 
each Fl-APC .concentration' (between o and 800 nM) . 
Figure IC -is a graph-^of: the percent of mean 
fluorescence versus unlabeled, protein concentration 
ifig/ml) , demonstrating,. the effects of unlabeled 
proteins on Fl-APC binding to HUVEC. : Fl-APC 
binding, to HUVEC was carried out in the presence of 
ithe indicated concentrations (between 0 and 100 
'•-/tg/ml) lof unlabeled APC, proteinic, protein S, ^ 
factor X and Xa or;.recombinant :.Gla-domainless 
30- - protein :ci(rGDPC).':.: . - j= .:- : 

■ o -. ..:.-. . Figures .2Av. 2B',c 2C-:: and 2D are graphs of 

*"I-APC Binding to HUVEC^jMonolayers .... Figure 2A is 
^ >a graph of the bound' APC Mcpm x 10"*) versus time 
- (min) , showing cthe time course, of ^ I -APC -.binding 

35 'to-HUVEC.v.-HUVEC.:mbnolayers (1.2 X 10* cells) were 
iiicubated" at 45C with 32 nM . (filled squares) or 8 
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xM fop n squares) "*I-APC- At the indicated times, 
cells were washed and' bound radioactivity was 
measured. Figure 2B"$s-^^ ^ajjh of bound APC (cpm x 
10*') versus xmlabeled protein (nM) demonstrating 
thfe effects of unlabeled APC and rGDPC on "'I-APC 
binding to HdVEC. ?HDVEG were ihctibated at 4*»C for 
one hout^ with *»1- labeled APC in the presence of 
the indicated -concentrations " (between 01 and 
approximately 1000 nM) of unlabeled APC (open 
circles)' or rGDPC (closed circles). After washing, 
bound radioactivity Was measured Figure 2C is a 
graph o f bound ■ APC • ( f ttibl /wel 1 ) versus f ree APC ( nM ) 
. demonstrating the %b«centrat ion dependence of 
. APC binding to KUVEC.^ MOAolayers of -HUVEC were 
15 incubated with thsr concentrations of "^I-APC 

indicated as described above. Specific binding was 
determined as described below Figure 2D is a 
Scatchard analysis of ^^«I-APC binding xo HUVEC. 
Each value was calculated from the data shown in 
20' • Figure' 2C- ^- • •• :.■ 

... r J • : Figures.' 3 A arid 3B .are flow cytometric 
analyses of Fl^APC^ binding to 2 9 3T cells 
transfected with ancDNA clone of EPCR. .Cells were 
transfected withf^a:? clone EPCR/pEF-BOS or pEF-BOS 
25 (negative controDc.by . the calcium/phosphate method. 
After 24 h, cells'^.were^ harvested, and Fl-APC binding 
• was 'performed in the- absence (dotted; lines) or 
presence of 1 . 3 mM CaCl,' (solid lines) - 

. n ' ; : ;v Figures 4a-4c-are :the :predicted protein 
30 structure of EPCR based on nucleotide sequence ISEQ 
ID NO. 1) , . predicted amino acid sequence USEQ ID 
NO. 2) and a hydropathy plot of <EPCR. The signal 
sequence and transmembrane region are indicated 
-with the solid bars:.'- : ^: ' .it 

Figures 5a-Sb are a comparison of the amino 
acid sequence of EPCR to the .amino -acid, sequences 
of other members of the CDl. family :and CCD41. The 
EPCR sequence is. shown: in^ the. first line cand 
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compared to murine CCD41 (second line) , human CDld 
(third ainej '"and- inui-ih^ 'CDi.2' (fourt:h li:he) . 

boxes. 

Residues that' are'-" consei-ved between EPCR ouid all of 
5 the human CDl family' inemljers are indicated by a 
- double asterisk: Residues" shared with one or more 
members of the CDl family are indicated by a single 
• ' ■' asterisk'.' ' • - " '-. ' .•• . ■ 

Figure 6 is a comparison of the amino 
10 acid sequence of human EPCR' (first line) ' to the 

amino acid sequence 6^' murine EPCR (second line) . 
identities are '-^indicated by lines. Similarities 
- ■ are indicated wxth'^Sots'. " - - ' . ~ 

Detailed bescriF^tlbn of the Invention 

15 -1. - ' Cloninq-^^ «"'<"<'^ araefc«irlzat±on of epcr^ 

Human protein C and activated protein C 
are shown to bind tb -fehdotheliuro specifically, 
selectively and saturably (Kd = 30 nM, 7000 sites 
per cell) in a Ca'*' dependent fashion. FL-APC 
20 binding to various -hufaah cell" liiies Vere * examined, 
and found that -the- binding wasf-HUVEC specific. A 
human kidney cell 'lihe transformed with-.SV4 0 large 
T antigen, 2 93 T'celli;-:expressed very few of these 
binding sites. - A HUVEC cDNA library was 
25 oonstihicted using tKe -powerful mammalian expression 
vector, ' piEF-BOS '(Mizii^Kima-ahd Nagata, (1990) 
' yru<? Agi<a^ ' l^fig V 1 8i • 5322 ) : Plasraid DNA was 
^ ' 'prepared 'from siibpbols of - indejbendent colonies 
(2,500 colonies per pool) , -and transfected into 
30 293T cells, using the -method of Kaishb et al . , 
- ^ (1994) - Proc. Natl. Acad. S ci. (USAi 21, 5325. 
FL-APC~ binding was analyzed^ on a flow cytometer. 
'-- One of eight subpoois'gaire a positive signal. This 
, '^' siibpool -was divided - into ■•20 subpools and 
35 " -rescreened':'- After' th of enrichment, one 

• 'positive'' clone., -EPCR-l; ' was isolated. EPCR-l 
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carries a.l.3.kb insert ..When transfected into 
2S3T. cells, this clone-^ was. capable of expressing 
the calcium- dependent binding site for FL-APC on 
the 293T .cell. surface. . - . , . 

5 ■ ^ • Expression cloning revealed a 1.3 kb cDNA 

that coded for a type I transmembrauie glycoprotein 
capable of binding protein C. This protein appears 
to be a member of the CDl/MHC superfamily. Like 
thrombomodulin, the, receptor involved in protein C 

10 activation, ,the endothelial .cell . protein C receptor 
(EPGR) function and message are both down regulated 
by exposure of endothelium to TNF^ Identification 
of EPCR as a member of the CDl/MHC superfamily 
provides insights into the role .of this receptor 

15 for protein C in ..regulating the inflammatory 

' -response. • :. r. . : 

, ' , Materials and Methods 

Protein Preparation 

. Human protein C (Esmon et al., (1993) 

20 Meths.. Enzvmol. 222, :35?-385), APC (Esmon et al . , 

; -1993) / recombinant jgla domainless protein C (rGDPC) 
(Rezaie et al . , (1992) J- Biol . . Chem. 267, 
11701-11704) , protein S (Taylor et al 1991) , 
factor X and factor. Xa (Le Bonniec et al., (1992) 
-25 - >T Biol. Chem. .2^7. , 6970-6976) were prepared as 
described in the cited publications . - . 

Selective labeling of .the active site of 
APC with fluorescein was performed by the method of 
' Bock . (Bock, P. E. (1988) Biochemistry -27. 
30 6633-6639) V In brief , N*-- - . : : r : 

: ; [ (acetylthio) acetyl] -D-Phe-Pro-Arg-CH^Cl . (200 fiH) 
. . was reacted with 40 /xM APC for 1 hour at., room 
temperature.- After. dialysis, the coyalently 
modified APC was. incubated : at , room temperature for 
35 - :.one hour with 200 ^iM 5- (iodoacetamido) f luorescein 
(Molecular Probes) . . Free fluorescein was removed 
by gel filtration on a PD-10 column (Pharmacia) - 
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. With this method, (each- molecule of f luoresceinated 
APC (Fl-APC) //coiitainsi a single dye . at the active 

. - site and hence- allivof the. fluorescent molecules 
.: : behave ident ically . . r . - ; ; . _ . ^ 

^ " ' lodogen (Pierce) was uised to radiolabel 

APC with; Na.t.=^«j] u(Amersham) according to the 
manufacture' s- protocol in the. presence of 5 mM 
. CaCla. . Free "^I was removed by gel filtration on a 
PD-IO .column. The specif ic: activity of the *"I-APC 
10 : was- 1 X 10* cpm/ng protein. ... 
Cell Culture 

...Human ;umbilical,. vein~ endothelial cells 
(HUVEC) were isolated from fresh umbilical-cords by 
I., collagenase treatment and cultured in medium 199 
■ 15 containing.. I5%i fetal bovine serum,. 10 ng/ml 
^ heparin, . and? 0.5% endothelial cell growth 
..supplement prepared: from bovine brain extract 

(Maciag at al. (1979) Proc. Wat-l: AcaH .gci.mgA^ 
76. 5674.-5678) . . :H0S (ATCC CRL 1543) , HEp-2 (ATCC 
20 . CCL 23) and. 293 cells:. (ATCC CRL 1573) transformed 
with SV40 large T . antigen (293T, a gift, from Dr. 
: Kenji- Oritani) were„maintained in_ Earl's. MEM 
supplemented with ; 10%-: fetal bovine serum. The 
human lymphocyte cell lines, Jur)cat,. MOLT3 (ATCC 
25 CRL 1552),, Jijoye. (ATCC iCCL 87) , Raji (ATCC CCL 
-. 86) ,i U- 93 7: (ATCC CRL-.1593) , : HL-60 (ATCC CCL 240), 

: - and HEL :. (ATCC TIB 180) , .: were maintained in 

RPMI-164.P. medium supplemented with 10% fetal bovine 

..serum • .. „ . -• , 

30 .v.. Flow Cytometric Analysis of Fl-APC 

Binding to. Cells 

r - - Adherent cells .were harvested by 

. : , : i^:^^^^^^*^^ .^^-^J^^ in phosphate buffered 

. .^.paline (^BS) co?it fining 0.02% EDTA. Cells were 

.^■^v : ^^y'^-^^^. -^^^K W^f/P^^ and then once "with 

..Hank' s. balanped salt solution (HBSS) . They were 
:. ..: . i^'t'^y^P®'?^®^ HBSS containing 1% bovine serum 
albumin (BSA) and 0.02% sodium azide (binding 

BNSDCXID: <WO_9e0530aA1_IA> 



.W6M/05303 PCr/US95/09636 



9 

. biuf f er) . c Cells: (1 x . X0%) v^rei incubated at room 
temperature fAr^45 minnwatfa-Fl-APC in the dark. 
After washing,- they were' iresuspended in the binding 
buffer containing 0.5 /xg/ml: of propidium iodide. 
5 Bound. Fi-APC. was • analyzed on a flow cytometer, 
FACScan ..(Becton Dickinson) . Living cells were 
gated on a. dot plot display of forward- scatter 
(FSC) versus fluorescence- 2 (FL2) ; and Fl-APC 
binding was detected . on the fluorescence- 1 (FL-1) 
10 channel. All experiments were performed in 

duplicate . - ^ • '• 

"'I^tAPC bindlJig'jto HXJVBC 

Monolayers of JHUVEC dn' 24 -well 
, microplates (Costar) (lix- lO^^cells per well) were 
15 washed twice with EDTA/PBS land once with ice-cold 
HBSS.; Cells were : then, incubatied at 4*>C for one 
, hour in the binding. buff er with -"I-APC. After 

washing .three times with, ice-cold HBSS, cells were 
released with the; EDTA buff er?, ^ and the bound 
20 radioactivity was- measured in a gamma counter 
(Isodata 500) . ' ) To. determine., non-specific, 
calciumrindependehti adsorption of- radioactivity, 

■ the cells were washed^^With ^EDTA/PBS and residual 
radioactivity in i the cell pellet: was measured. 

25 Non-specific binding >6± radioactivity: was 

consistently: less: than-'5% of the specific binding. 
The data was analyzed, using- the Enzfitter program 
. (Elsevier Biosoft, Cambridge," U:K..) i - 

Construction of HUVEC CDMA Library 

30 . - Poly-A RNA was isolated from HUVEC (1 x 

10« cells) using the FastTrack™ mRNA isolation kit 
(Invitrogen) . cDNA was syhthesized from 3 of 
poly-A RNA using a Librarian™ I kit (Invitrogen) . 
A BstX I adaptor was ligated, double strahded cDNA 

3 5 was f ract ionat ed by agiirose gel electrophoresis . 
and cDNA longer thaii 700 bp was ligated into a 
mammalian expressidh vectdr. pEF-BOS (Mizushima and 
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: ^^f^^^' ,1990;,. t^his. vector,, was a kind ..gift from Dr. 
S. Nagata)., .The con^t^^^^ t.ransfected into E, 

coli DHlOB by. eiectroporatipn. (Bio -Rad Gene 
Pulser™) . The /library- cpnsisted of 8 X 10« 
independent colonies with an average size of 2 0 

Approximately 2 x 10* , independent colonies 
were divided into ^ight,^subpools (each containing 
2,500 independent cplonies) and 'plasWid DNA was 
o^®,*^ : ^yt^]^99} - Sub-conf lueint 293T 

' ^ere transfected with 

I .^9 of the DNA by the calcium/phosphate method 

<1973) VirolooY 52. 456- 
.J*^7>- After 20 hours, 'the medium. was changed, and 
culture was continued for another .24 , hours . The 
subppols w^re screened for; Fi-APC 'binding by FACS 
analysis as described above .The positive library 
pool was then diyided into 20 new pools and 
.rescreened.; After three rounds of screening, 96 
individual ciones "were "tested ,>nd one positive 
clone was identified* , 

The insert ( 1.3; into 
pBluescrii>t™ (stratag^el. an^ the nucleotide 
sequend^e yas deterinined us^ Sequenase™ version 

DNA SequencingVkit (USB) . Nucleotide and 
^'^P^^h^ database search employed the BLAST™ (NCBI) 
and FAST^^^ EMBL. and 

. SwissProt .databases . 

Northern Blot Analysis 

. .^ -7°-^^ Mg) from various cells 

were isolated, electrophoresed through formaldehyde 
agarose gels" and transf erred to a nylon membrane 
.(Hybond-N^, Amersliam bp Xha 1 fragment 

frpm t.h^ ..5' ,enc^ >f the EPCR cDNA was lab.eled. by 
^^^^OT(i j>x±m±Tio^ according tp the 'manufacturer's 
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' iristi^ctioris (Multiprime™ DN^ labeling system, 
- ■ Aiher^hain) and usied £or^ hybridization. 

Protein C and i^C Binding to HUVBC 
Endothelial cells in suspension bound 
5 FL-APC/ as monitored by flow cytometry, and 

demonstrated in Figure lA. Binding was saturable 
and Ca^* dependent, as shown by Figure IB. Optimal 
binding required at least 1 mM Ca^*. FL-APC was 
dist^laced from the cell surface by APC and protein 
10 C equivalehtly, as shown by Figure ic. The 

hbmbldgous Gla-aomaih containing protein 
S, factor X, aiid' its active form, factor Xa, failed 
to displace bound fl-APC, suggesting that there is 
a specific binding site for APC on th^ endothelial 
15 c^ll surface. E^fotein C binding was dependent on 
the Gla domain, since reconiiinant gla-domainless 
protein C (rGDPC) failed to displace Fl-APC. 

Detailed binciing studies were also 
'Wi^fo^ed with ■"^i-iabeieU monolayers , of 

20 HUVEC, as shoWri By Figures 2A, *2B, 2C and 2D. The 
binding analysis indicated 7,000 sites per cell and 
a Kd=30 nM. This affinity is similar to that 
* estimatefd from Figure 1 ."^ 

'* Endothelial cell surface thrombomodulin 

25 can interact with protein C an The Kd 

(greater than 1>mV {H^^ (1992) J. Biol. 

Chem. 267, 703-706; dlsen et al . , ' (1992) 
R-iQc^hemistrv il, 746-754) , however, is much higher 
than that of the binding site described above with 
30 respect to the new' receptor. Furthermore, 

polyclonal and monoclonal antibodies against 
' thrombomodulin that 'inhib^ C activation 

' did not inhibit the ybinding. Protein S also can 
■ interact with protein C and APC "(Dahlback et al., 
35 " (1992) T^Vr^c^hemistirv 31.' ^1276 9 ■12777) , but Fl-APC 
binding to HUVEC "was not influenced by protein S 
addition. Furthermore, polyclonal and monoclonal 
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antibodies tp, ^protgin . S ,did not inhibit . th 
binding. These results indicate the binding site 
.fp? protein C,. arid:, APC on endothelium is distinct 
from these known molecules, . - - , . - 

Nucleotide and Predicted iProtein 
Structure i^alysis of EPCR 

. The insert was sxibcioned into 

pBluesc^ipt/ and the nucleotide sequence was 

^® shown in Sequence ID No • i . The 

cDNA shovm in Sequ of 1302 

, ^P' initiation ATG codon 

; ' jAGGATQ^ at the 

5' -end at nucleotides 25-27 of Sequence ID No. 1, 
- Pptential poiyadenylation signal sequence, 

15 AATiuiA, ( Proud ^ and Brownlee, (1976) Nature 263, 
21,1-214) begins at nucleotide 1267 of' Sequence ID 
No. 1, just i8 bp upstream of the poly (A) sequence. 

The cDNA is predicted to code for a 
protein of 238 amino acids (Sequence ID No. 2), 
which includes a 15 amino acid signal sequence (von 
Heijne, (i986) Nucleic A ^ids Res. 34. 4683-4690) at 

. [^^9^;^^^^.^' .^^^ mature protein is 
predicted to contain 2?^^^ lO 

No. 2 is the predicted amino acid sequence of EPCR. 
25 Amino acids 1-15 of Sequence ID Noi 2 

(MLiTIJ.PILI.LS sequence 
determined by the "me ti^^^ of von Heijne (von Heijne, 
. r ^^^.^^ ?f^"236 of Sequence ID No. 2 

(LVLG\^VGGFliA^^ are the putative 

• . transmembrane domain. Potential N-glycosylation 
. ^^^^^ P^f ®^^^ amino acids 47-49, 64-66, 136- 

138, and 172-174 of Sequence ID No. 2. 
Extracellular cysteine residues are present at 
, , acids 17, 114," il8, and 186 of Sequence ID 

- ,,Np. 2. A potential t^ region (Engelman 

et al., (1986) Annu. Re v. ' Biophvs . . Chem. 15, 321- 
53 ) consisting of 23 amino acids was identified at 
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^ the C~ terminal - end {Bcc^iririing at -amino acid 216 of 
* ^ Sequence ID NoV 2) . - "'^'-- ^ t^rj . 

T , _ ' : The protein -x*s* p^ be a type 1 

transmembrane protein. The extracellular domain 
5 contains four poteintial N-glycpsylation sites and 
four Cys residues. The cytoplasmic region contains 
only three amino acids and terminates with a Cys, 
which could be acylated to something or involved in 
hetefodimer formation with another peptide* 

10 Although described with reference to 

cloning arid expression of the protein encoding 
sequence, largrer amounts of protein can be obtained 
by expression in suitable recombinant host systems, 
such as mammalian, yeast, badteria, or insect 

15 cells! Isolation can be facilitated by making 
"antibodies' to the recombinant protein which are 
then immobilized on substrates for use in 
purification of additional receptors, as described 
below . 

20 ' As used herein, the nucleotide sequences 

encoding the^febeptor in^^ the sequence shown in 

Sequence ID NoJi, and sequences having 
conservative substitutions,' additions or deletions 
thereof which'hybri^ize to Sequence ID No. 1 under 
25 stringent conditions. As used herein, the amino 
acids sequences constituting the receptor include 
the sequence shown in Sequence ID No. 2, and 
sequences having conservative substitutions, 
additions or deletions thereof which form a 
30 receptor having functionally equivalent biological 
activity. It is well known to those skilled in the 
art what constitutes conservative substitutions , 
additions or deletions, and which could be readily 
ascertained as encoding, or foarming, a functionally 
35 equivalent receptor molecule using the functional 
assays described herein. , . 
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The hydropathic plot shown in Figures 4a- 

4c was ^erf ormed.v«<5cordi-ng . to the nieithod of Goldman 
-et al (Engelmaiic^ttva^., 1994) .(sbli^ lihe) and that 

of Kyte .and Dcoldttle (1982) J:- Mol:: - RSr^i 257, 

.5 .. :i05-132 (dotted line) 

.DNA. and: protein database searches 

- i. revealed that the sequence is related to the 

- ' centrosome-associated, cell: cycle dependent murin 

protein, :CCD41, also- referred. as centrocyclin 
10 (Rothbarth et al . . (1993) J-.- r^n <ir^y 204. 19-30), 

- as shown; by Figures ,Sa-5b.: The similarity in the 

- published -sequence qf /murine CCD41 with human EPCR 
led to. the cloningaandr. sequencing of the murine 
EPGR. .The .sequence; of murine EPCR is shown in 
15 ; Figure 6. . It. is; distinct from the published 

sequence of .CCD41;- ; ^ 

: - The. ^ EPCR -amino acid sequence was also 

Jrelated to, but quite distinct from, the CDl/MHC 
superf amily and . the rmurine CDl . 2 , as. also shown by 
20 Figures. 5a- 5b.: c Based oon the homology tc CDl/MHC, 
it is likely that .EPCR contains two: domains 
consisting of residues. 17-114 and 118-188. Of the 
. Cpi family members,, -GDld , is the most similar to 
EPCR. :In the mouse,; j,GCD41 is associated 
25 exclusively: with -the.^centrosome during but 

= becomes detectable ^elsewhere during the cell cycle, 
reaching a maximum during Gj, except during the Gj/M 
phase (Rothbarth et al. ,,, 1993) . EPCR expression 
appears. restricted to endothelium > which would not 
be .expected for a cell cycle associated protein. 
■ The identification of the protein C 

.receptor on endothelium, suggests: that the 
endothelial cell binds protein C/APC through three 
- . "distinct:: mechanisms^ In addition to EPCR, protein 
3 5 S , can , bind APG/prptein C .on negatively charged 
membrane. . surfaces jthatv /.include the - endothelium 
(Stem :et^;.al... ,.,(1986) J. Biol .. rh^m , 9^7 , 713-718), 
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but this is not cell ^tiype specific (DahlbSck et 
al . , 1992):. Thrombo^^odwiiin^^dn- complex with 
thrombin can bind pro teihl Grand APC (Hogg et al . , 
1992) . On endothelium, the protein S binding sites 

(Nawroth smd Stem, {1986) J: Exp. M^d. 163, 

740-745) , thrombomodulin (Esmon; 1989) and EPCR are 
all down regulated by cytokines, indicating that 
inflammation can. impair protein C pathway function 
at multiple :.levels .^- 

The homology to. the GDI /MHC family of 
proteins is especially interesting since it 
provides indicat ionsr/as .to the function of EPCR . 
The CDl/MHC family has; three extracellular domains 
termed al,2 and 3. The extracellular domain of EPCR 
contains four Cys residues that appear to 
. correspond to two distinct domains. EPCR lacks the 
third domain of the CDl/MHC - family, but the two 
domains have significant ^homology to the al and a2 
domains of the vCDi: protein family and the a2 domain 
of the: MHC class"! protein, suggesting that these 
proteins evolved from ''^ commbn ancestor. The first 
domain of EPCR; -^r^sidues 17-114 , contains two 
potential N glycosylatidn sites and is rich in S 
strand structure; '^suggesting that it may form a & 
, sheet. V Despite =^Vie^^lt St structure, consensus 

-sequences (William&v^nd Barclay, (1988) MUL^ Rev^ 

. Immunol ■ 6, 381-405)^ for the immunoglobulin 
superfamily of receptors are absent . The second 
domain of EPCR, residues 118-188, contains two 
additional N glycosyiation sites and, like the 
CDl/MHC family, this domain i^ predicted to have 
limited S structure; ' ' 

XI. Modulation of Inf lamg '"*"^ tialna EPCR. 

In vitro studies have suggested 
= *anti- inflammatory activities for APC- For 
instance, an unusual carbohydriate- sequence on 
protein C can inhibit inflammatory cell adhesion tc 
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.2;21-226). Modest, inhibitory, effects -of. APC have 
been r,eported on, ,TN?: production (Grey et. ,al . , 
i^^^^) Transplant. Pr-»r. 25, 2913-2914). , EPCR 
cpulc? cpntribute to ,these ant i- inflammatory 
mechanisms.. Since the homologous protein . family, 
CDl. can be linked to ;CD8 (Ledbetter et- al. , (1985) 
J. ;rmiT>upol , .134, .4250-4254) , it is also possible 
that the proteins receptor is linked to another 
:P3rotein and- signal, through -this second protein. 
One of -the CDl. family _tneinbers.,CT^ has been: 
reported, to, prompt e T..cell .responses, possibly 
involving binding. -to. CDS. (Pan j a et al., (1993) 
Exp. Med. :^7a,. 11-15-1119)", CDlb has recently been 
reported., to .serv^ as an. antigen presenting molecule 
(Porcelli et. al., (1992) Nature 3dO, 593-597) . The 
ability to- bind protein C/APC could then be linked 
either directly or indirectly to signalling via 
direct interaction with cells of the immune system. 
Since the MHC class .of proteins is involved in 
presentation of proteins to cell receptors; the 
concept of presentation-of protein C/APC to 
inflammatory cells-as .a means of elaborating 
anti- inflammatory activity may also be involved. 
This includes- modulatibn of enzyme specificity such 
as occurs with thrombin-thrombomodulin interaction 
(Esmon, - 1989) • In this case.- the EPCR-APC complex 
might cleave biologically active peptides -from 
unknown substrates . . . ; ■ . . 

■ 7 ..EPCR mRNA Levels and APC Binding 

- To. determine -the cellular specificity of 
EPCR expression, the intensity of FL-APC binding to 
^ HUVEC was. compared to. several human' cell • lines . 
• - El-APC bound strongly only to HUVEC, and not to any 
35:. of the T, :B,eor monocytic^ c^ll- lines tested. Cells 

- were incubated-, at room temperature without- or with 
• .. -;160 nM Fl^APC in the presence of 1.3 raM CaCl,. 
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' Binding was analyzed by ' ffc5i£J cytometry - ' Slight 
binding 'was demonstrated With the osteosarcoma 
line, HOS^ and ' the' epideriAoi'^^ carcinoma cell line, 

5 J : • Total ' RNA was extracted from the^e cells 

aridL -hybridized with the EFCR 'cDNA probe for 
Northern -Blot Analysis/ EPCR mkNA was detected by 
Northern blot analysis for HUVEC, Jurkat, HEp-2, 
- Raji, HOS/ a^nd US37? Among the cells lines tested, 
10 EPCR mRNA was "detected at high levels only in 
HUVEC. The caTcu^tated iriRN size of 1 . 3 kb was 
identical to the sxze -or ^^^^^^^ cDNA. After 

^ prolonged expost^re a wfeak" signal was also detected 
with the ositebsarcbma cerr line KOS and monocyte 
15 cell line U937. Thus, both APC binding ah^ EPCR 

mRNA expression are very specific fbr'^ endothelium. 
V Effects of tMP on APC Binding and EPCR 

, MRNA Icersrei'S:- .:o 
r ■ Severa-l. othi^r: members of the protein C 
20 anticoagulant pat hw^yr^ to/regulation by 

inflammatpzy. cytokines :{Esm^ 1989).. For 
instance, endothelrial* .cell surf ace thrombomodulin 
expression and .message: are. known to be reduced by 
exposure of the- cells . to - TNF (Conway a 
25 . 1988; Lentz ;et ; al> ,a 1^^ ^ ' 

sirailari process yocpur^ HUVEC iwere 

treated with TNF and; APC binding: and expression of 
EPCR mRNA were examined . , = APC: binding to KUVEC 
decreased in a time dependent fashion. - EPCR 
30 activity decreased. >more rapidly than thrombomodulin 
antigen. HUVEC were cultured , for 0, 6, 24 and 48 
hr, in the presence., of TNF-a (10 ng/ml) . ' Cells 
' were harvested* and- residual. Fl-APC finding or 

thrombomodulin (TM). .expression was analyzed by flow 
35; cytometry. Cell surface. TM was , stained with an: 
anti-TM murine mpnoclonal antibody , and EITC-- 
. conjugated anti-mouse IgG. The negative ;:control is 
without added fluorescent ligand. 
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. . .. iIUVE(2;y,B^^;^^eate^d..wAtih 10 ng/ml of TNF-a 
for 0/ 0.5, i,:.:2,^:a,^J^^^^^^^^ hr, and message 

was extracted and- <ielected as described above. The 
results demonstrated that the concentration of EPCR 
mRNA was also reduced by TNF treatment'. • Message 
levels and APC binding activity decreased in 
parallel. Therefore, the' TNF mediated 
down-regulation of APC binding to endothelium 
probably occurs at the level of mRNA expression. 

Enhancement of inflammatory responses by 
blocking binding of endogenous molecules to ECPCR 
can be achieved by admihistrktion of compoxmds 
bindiiig to the receptor to a subject in need of 
inhibition.- The degree bf binding is routinely 
determined using assays such ' as "those described 
above; Compounds which are effective include 
antibodies to the protein, fragments of antibodies 
retaining- the' binding regions, and peptide 
fragments of APC which include the Gla region. 
Inhibition^ of the inf lammatory response could be 
obtained by infusing- sol'xible EPCR. Alternatively, 
localiz=ing EPCR to suiff aces in contact with blood 
would render the surfaces- anticoagulant by virtue 
of the' ability of EPCR to' bind and concentrate the 
25 anticoagulant APC at the surface. Alternatively, 
the function of- EPCR" could' be enhanced by 
overexpressihg the EPCR- in endothelium used to coat 
vascular grafts in patients with vascular disease 
or- on stents in cardiac patients. - -■ 
^ The DNA sequence can also be used for 

- screening for other homologous or structurally 
similar receptor proteins using hybridization 
■ - -probes, • ■ :i ..- . \ 

* " " These methods- -and reagents and ' 

35 pharmaceuticals are" more readily understood by - 
re f erence ' to the foi Ibwirig . ■ ' 
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. -. : v-. .:- '. .. ScraeninQ " of Tiaitieri t samples for 
expression .of rrecept -or proteins. 

.. Patients with-^^hrombosis or- 
hyperinf latnmatory conditions, could be screened for 
5 defects in. the EPCR gene . Sequence ID No. 1, and 
consecutive portions therepf of- at- least about 
seven nucleotides, more preferably fourteen to 
seventeen nucleotides, most preferably about twenty 
.. nucleotides,, are,, useful , in . this^ screening using 
10 hybridization assays of , patient samples, including 
blood and tissues,. . -.Screening can; also be 
\ : . .accomplished, using, antibodies,,, typically labelled 
.with a fluorescent; radiolabel led, - or enzymatic 
label,, or. by isolation of target cells and 
15 . screening for binding, activity, as described in the 
examples, above. Typically, one would screen for 
expression on either a qualitativ:e or quantitative 
basis, and for expression of functional receptor. 
Labelling can be - with ".S, f luoarescein,- biotin, 

20: or other., labels , rputinely used; with methods known 
to those skilled; ,in, -the^ art for labelling of 
. proteins and/or nucleic. acid sequences. 

. . Hybridization Probes 
. React ion, conditions for hybridization of 
.25 - an. oligonucleptide .probe- or primer to a nucleic 
acid sequence vary/.from-; oligonucleotide to 
oligonucleotide, depending on factprs ^puch as 
oligonucleotide length, ., the number of .G and C 
nucleotides, and the composition of .:the buffer 
30. utilized, in. the hybridization reaction. Moderately 
stringent hybridization conditions are. generally 
understood by those skilled in the. art .as 
conditions approximately 25«»C below the melting 
temperature of a perfectly bage-paired double- 
35 stranded DNA. , Higher speqif icity, is .generally 

achieved by employing incubation, ponditiqns having 
higher temperatures, in other words, more stringent 
conditions. In general, the longer the sequence 



n>jetnmirv <wr» flfifWWWAi ia> 



20 



- .5 



10 



or higher the -QraiKi .<C. . content, -the higher the 
V . temperature -and/-pr, salt concentration required. 
. Chapter ii of ..the; well-knovm laboratory manual of 
Sambrook.et al . , molecoiar : Gloning :. A Laboratory Maotjal, 
second edition,. .Cold Spring Harbor Laboratory 
Press>, New. York (1990); (which is incorporated by 
• reference. herein) , describes hybridization 
.: conditions for oligonucleotide probes and primers 
■ in great detail , including a -description, of the 
factors involved and the level of .stringency 
necessary to guarantee.: hybridization with 
•. T-spyecif-icity , .. ; - ..tv -: r ■ • 

- _ The pref err.ed size of. a hybridization 
probe- is .from 10 nucleotides to 100,000 nucleotides 
.15 in length. Below 10 .nucleotides, hybridized 

systems are not stable and will begin to denature 
above 20 PC. Above 100,000 nucleotides, one finds 
that hybridization (renaturation) becomes a much 
slower and incomplete, process, as described in 
; 20 greater, detail in the . text Molecoiar Genetics, Stent, 
G.S. and R.. Calender>,-.pp.. 213-219 (1971) . Ideally, 
the probe: should be^ from- ,2.0 to 10,000 nucleotides. 
., Smaller nucleotider sequences.^ (20-100) . lend 

themselves to production, by automated organic 
25 synthetic techniques. ,; Sequences from 100-10,000 
nucleotides can be obtained from appropriate 
-restriction, endonuclease treatments. The labeling 
. iof the- smaller pi-obes with the relatively bulky 
. .. • . chemiluminescent moieties may in some cases 
.•30 y interfere with the hybridization process. 

' - J ' : = : . . Generation of Antibodies for 

. . , . , ... ,P^^9^ostic or. Therapeutic^ Use 

:\ .i-r-. ..^",*^i?^9dies to the receptor proteins can 

• : ... : generated which, are useful in detection, 

pharaptmzat:ion^ o^^^^ isoiation of receptor proteins, 

: f f ; If'ell a^ ..f op, modifying receptor protein activity, 

cases, through inhibition of binding. 

Antibodies are generated iby standard techniques. 
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using humanJ^yr- animstl Preceptor proteins . Since the 
proteins ^exhibit^ hi%lir eVdi^tibnary conservation, it 
may be advanrageous^feb* ^e'riferate^ antibodies to a 
protein of a different species of origin than the 
5 species in which the aritibbdies are to be teisted or 
utilized, looking for those antibodies which are 
inununoreactive with the most evolutionarily 
conserved regions^ Antibodies are typically 
, generated by imrnxin;izat ion of an animal using an 
10 V adjuvant such as Pr^uttd' s adjuvant in combination 
with an immunogenic^ atnotiht of the protein 
administered over a period of weeks in two to three 
week intervals,/ tl^n 'isblateid from the serum, or 
used to make hybridofnas^ which express the 
15- cintibodies in- cultuote".' Because the methods for 
^. immunizing animals yi%ld antibody which is not of 
human origin, the^ ant ibbdies could elicit an 
adverse effect if' administered to humans. Methods 
for "humcuiizing!' antibodies, or generating less 
20 immunogenic ^ fragments ■ of bon- human antibodies r are 
well knoi^. ^ A hufnanized anti^ one' in which 

c ' i ^ ^ -only the antigen-rfefebgnized sites, or 

complementarily-detezroinihg^* regions 
(CDRs) are of non-hiiman origin, whereas all 
.25 - framework regicmsr: (PR) of- variable domains are 
products of human* g^nfes . These "humanized" 
: - antibodies present a- lesser xenographic rejection 
' stimulus when introduced to a human recipient. 

To accomplish humanizat ion of a selected 
30 mouse monoclonal antibody, the CDR grafting method 
described by Daugherty, ;et al., (1991) Nucl , Acids 
Res. / 19:2471-2476, incorporated herein by 
reference, may be used. Briefly, the variable 
region DNA of a selected animal recombinant anti- 
35 idiotypic ScFv is sequenced by the method of 

Clackson, T., et al.; (1991) Nature, 352:624-688, 
incorporated herein by referenced Using this 
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sequence, animal^ GDRs; aret^distinguished from animal 
framework regions^ GESl): based on-locations of the 
CDRs In known Sequences of animal variable genes. 
Kabat,. H.A. ,^ et al Sequences of Proteins of 

, 5 ' Immunological Interest, .4th Ed.. (U.S. Dept. Health 
and Human Services, Bethesda, MD, 1987). Once the 
animal CDRsj and FR are identified, : the CDRs are 
grafted onto human heavy chain variable region 
framework .by, the use of synthetic oligonucleotides 

10 and' polymerase^ chain .reactionr'(PCR) recombination. 
Codons:. for the- animalj. heavy chain CDRs, as well as 
• *^^® '^y^Aiable human,,heav^^^ region 

framework,- are built- in four (each 100 bases long) 
oligpnucleotides. Using PGR, a grafted DNA 

15 sequence of 4 00. bases is formed that encodes for 

si^.ipai. CDR/human heavy chain FR 

protection. 

I^hi^ innnxmogenic stimulus presented by the 
monoclonal antibodies so prpduced may be further 
2 0 decreased by the use of . Pharmacia ' s (Pharmacia LKB 
Biotechnology, Sweden) /•Recombinant Phage Antibody 
System" (RPAS) , which generates a single -chain Fv 
fragment (ScFv) which. incorporates the complete 
antigen-binding domain' of the. antibody-. In the 
25 .. RPAS.. antibody variable' heavy and light chain genes 
are separately amplified from the hybridpma mRNA 
cloned into an expression vector. The heavy 
v"*^; •'■^9^^ chain domains .are cp- expressed pn the 
same polypeptide chain after joining with a short 
3a linker DNA which codes for a flexible peptide. 
, This assembly generates' a single-chain Pv fragment 
■■ ■ t^pFV) which incorporates the complete antigen- 
.^i^4ing domain of the antibody. Compared to the 
; I, i'^t^ct monoclons^l antibody, the recombinant ScFv 
; i"^^^'^^^ a. ponsiderably lower number of epitopes, 
^ . and thereby presents a itiuch weaker immunogenic 
, - .stimulus when injected into humans. 
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: . • The -Qntibocii^s^ G^^^^^^ formulated in 
" standard pharmaceutibara) eaarriers for administration 
to patients in- need thex^of . - These include saline, 
phosphate buffered saline, and other aqueous 
5 carriers,; and liposomes, polymeric microspheres and 
other ^controlled release delivery devices^ as are 
well known in the art. The antibodies can also be 
administered with adjuvant, such as muramyl 
dipeptide or other mateirials approved for use in 
10 humans (Frexrnd' s adjuvant can be used for 
- administration of - antibody to animals) ; ^ 

■ fin-reeninq^rfor drugs modifyi ng or altering 
the extent of r ^r'f^ptor function or 
' expressidn 

3^5 The receptor prdtis^^^ . 

targets for compounds which turn on, or pff, or 
otherwise regulate binding to these receptors . The 
assays described above clearly provide routine 
rtiethodology by whibh a corapoiind can be tested for 

20 an inhibitory' effect on binding of PC or T^C. The 
in vitro studied of' coiripouhds which appear to 
' inhibit binding' ^^^^ to the receptors are 

then confirmed by alifma . ^^^^^ 

molecules are so^ tiigliiy eyolutionari^ conserved, 

25 it is possi'ble to' conduct studies in laboratory 

' animal's such as micV t^^^^ 

humansV 

' In c^seV where intia^ or 
^ vascuiai: diseas'e kdWn regulate EPCR, it would be 
30 aciVantageous to' increase its concentration in vivo 
on endothelium. The feinaing assays described here 
and the gene' sequence allow assays for increased 
EPCR expression'. ' Siinilar approaches have been 
taken with thrbmbomodulin^arid investigators have 
35 * shown that cyclic AMP {Mairuyama, I . et al. (1991) 
• ^v.v^r^mHr..Q^ g Research' 61, 'Vol-BTOV'' and interleuk^ 4 
•(Kapiotis,S. et al., ^991) 810^ 78^ can 
elevate thrornbomodul in expression. The ability to 
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screen .such .drugs .. or drugs that . block .TNF, down 
regulation of EPCR provide an approach; to :elevating 
EPCR expression ,in . vivo and thus enhancing 
anticoagulant and anti^inf lainmatory.,activity. 

•-. Studies -based on . iiihibit ion of binding 
are predictive for indirect -effects of alteration 
of receptor .binding. For example, inhibition of 
binding of APC or increased expression, of TNF is 
predictiv.e of inhibition. of; EPCR function. 

— ^ Assays for testing compounds for useful 
activity can be based ;soiely on interaction with 
the receptor protein, preferably expressed on the 
surface "of transfected cells such as those 
described above. ProtVins in solution or 
15 immobilized on inert 'substrates can also be 

"^""^^i^.^*?; ^hese can be used to detect 'inhibition 
or enhancemeiit in binding of PC or APC 

Alternativeiy, the assays can be based on 
interaction with the ^ene se<iuenc0 encoding the 
receptor protein, preferabiy the regulatory 
sequences directing exi>reskion of the receptor 
protein. For example ; antisense which Mnds to the 
regulatory secjuences, anfi/qr to the protein 
encoding sequences can i>e synthesized using 
standard oiigonucleotijde." synthetic chemistry. The 
antisense can be stabilized for. pharmaceutical use 
using standard methodology, (encapsulation in a 
liposome or microsphere; introduction of modified 
nucleotides that are resistant to degradation or 
groups^ Which ihbrease resistance to endonucleases, 
subh as phosphorothiodates and methylation) , then 
screened initially for alteration of receptor 
. . ^-^^^^^^^ ^f^ ^.^^sfect.ed or naturaily occurring 
ceils which express the receptor, then in vivo in 
3 5 laboratory animals .;-^'-TVpicaiL ly ,' the antisense would 
inhibit expression: ' However", ,^ which block 



20 



25 



30 



BNSOaclO:<WO 9605303A1 IA> 



WOW05303 



FCT/US95m9d36 



25 

' those Bequehces which ^ tuirn^bf f " syntKe^is can also 

:: - bfe/ targeted^ - ---^c 

The receptor protein for study can be 

, isolated from either naturally occurring cells or 

5 ceils which have ^ been genetically engineered to 

express the receptor, as described in the examples 

above.' In the "preferred embodiment ; the cells 

would have been engineered using the intact gene. 

: s - Handojm generation of receptor or 
10 . receptor : encoding sequence binding 

molecules . . 

Molecules with a given function, 

catalytic or iigand-binding, can be selected for 

f rom a "complex m^ixture of random rnolecules in what 

15 has been referred to as "in vitro genetics" 

'{Siostak, (1992) ' Tlis 19 :89) / One synthesizes a 

" large pool of molecules bearing random and defined 

sequences and subjects that complex mixture, for 

' e^xampie, approximate^^^ individual sequences in 

20 ibo /xg o£ a 100 nucleotide RNA,_ to some selection 

and enrichment process. For example, by repeated 

^' cycles of affinity chromatography and PCR 

* ' '^amplification of .the molecules bound to the ligand 

on the' column, Ellington and Szostak U999) 

25 -estimated that 1^ folded in 

' such a ^way "as to* bind a given ligand, DNA 

molecules With such ligand-bind^ behavior have 

' " been isolated (Ellington and Szostak^ Bock et 

;;ai,;' 199^) . ' V. ^ y\ ^ - : . v- 

30 ■ Computer assisted drug design . . 

' Computer modeling technology allows 

' visualization of the three-dimensional atomic 
' structure of a selected molecule and the rational 
' design of new " compoiinds that will interact with the 
35 molecule. The three-dimen^ construct .. . 

typically depends on data from x-ray 
' crystaiiographic analyses or NMR imaging of the 
selected molecule. The molecular dynamics require 
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force field dat^.,K -The comRuCer graphics -systems 
.: - enable, prediction- Qf,, how a new .compound will link 
. to the- target .molecule and allow experimental 

manipulation of : the structures of the compound and 
5 target molecule to. perfect, binding specificity. 
- , Prediction, of what the molecule -compoxmd 

interaction, will be when small changes are made in 
one. or both requires molecular: mechanics ; software 
and. computationally intensive, computers, usually 
10 coupled; with .user- friendly,:, menu-driven interfaces 
between the molecular, design; program and the user. 

Examples.ipf ^mole.cular modelling .systems 
are the, CHARMm. and. QUAl^A programs, Polygen 
- .. L Corporation, Waltham,.-MA. CHARMm performs the 
r^S , . ..energy minimization and.; molecular dynamics 

functions. . QU^VNTA performs the. construction, 
graphic modelling and analysis of molecular 
structure. ..QUANTA, allows interactive construction, 
modification, yisualizatipni and analysis. of the 
20 . behavior -of molecuiesc with each other . .; ,-; 

A number, of : articles review computer 
modeling of- drugs interactive, with specific 
; proteins, such as Ropivinen, , et, al. , (1988) Acta 
Pharmaceutica Fenn-ir-a 97, 159-166; - Ripka, New 
25 Scigntjgt; 54-57 (June. l6> 1988) ; McKinaly and 

= Rossmann. (1989) -.Annu. - R ev. PhaTmacol . Tnxiciol . 
. . r29, ,111-122; Perry and.Davies, OSAR; OuantitaM'v^ 

-gtructure-Activitv Rela tionahipg in Dmity Deaicm pp . 
. .189-193 (Alan R. Liss, Inc. 1989) ; Lewis and Dean, 
30. (1989) Proc. R: Soc-- T.onri i-^^.-iAn ai^j 141^ 

* 162; and, -with respect to a model -receptor for 
. nucleic acid components. Askew, et al . , (1989) j. 
Am. Ch^iTt; Soc. .111^ 1082-1090.- Other computer 
.: f programs, that screen and graphically- depict 
35 cbemicals-are available from conpanies such as 
BioDesign, Inc., Pasadena, CA. , Allelix, Inc, 
Mississauga, Ontario, Canada, and Hypercube, Inc., 
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CanJoridge,- Ontario . Although -these' are primarily 
designed! for ■ application^ to" drugs specific to 
- particular proteins, they^' ban be adapted to design 
of drugs ' specif ic to- regions "of DNA" or RNA, once 
5 : that region is identified; 

: Although described above with Preference 
to design 'and generation of compounds which could 
. » alter bindingf, one could also screen libraries of 

-known compounds, including natural products or 
10 - synthetic' chemicals,- -and biologically active 

materials, yincltldi'ng- proteins"; for compounds which 
are inhibitors c>r acti^C^atora . ^ 
Generatian df nucleic 
* Nucleic acid molecirles containing the 5' 
15 regulatory sequehces^^of the receptor genes can be 
used to regulate or inhibit gerie expression in 
vivo. Vectors; including both- jplasmid and 
: eukaryotic viral' visctoirs, may be used to express a 
. particular recombinant -5' flanking region -gene 
20 construct in - eel 1'6^ depending on the preference and-- 
: judgment of the skilled practitioner (see, e.g. , 
Sambrook et' al: ; Chapter 16) . Furthermore, a 
number of viral and ^n6hviral Vectors are being 
: developed that enable the ^int reduction of nucleic 
25 acid sequences in vivo- (see, e:g. , 'Mulligan, (1993) 
Science v 260^: 926-^932 ;s:Uhited-i5tates Patent No. 
4,980,286; Unitied States Patent No: 4/868,116; 
: » incorporated herein; by reference) Recently, a 

= ^ ' delivery system was developed in which nucleic acid 
30 - is encapsulated in catiohic liposomes which can be 
: injected intravenously into a- mammal . ^ This system 
has been use* to introduce DNA into the cells of 
multiple tissues of adlilt mice; including : 
endothelium and bone "marrow - (see, -e^.g: / Zhu et al . , 
35 (1993) Science 261; 209-211 ; incorporated hereiri by 
•-reference). ' .i^-' 
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' "^^^^^ ?/?^^i^:?fing s^^quences :of -.the receptor 

gene can also be,^v^d .to inhibit the .expression of 
..the receptor. . Foii dsxample, an ant i sense / RNA of all 
or a portion of . the 5' flanking region , of the 
receptor gene, can be used to inhibit :e3cpression of 
the receptor .in. vivo. Expression vectors (e.g., 
retroviral expression vectors) are already 
available in the art which can be used to generate 
an an.tisense RNA of a selected DNA sequence which 
is expressed, in la. celt (see, e.g. >- U.S.- Patent No. 
4,868,116; U.S. . Patent; Npv, 4:> 980, 286 ) . 
Accordingly, DNA .co?itaining^ all or , a portion of the 
. sequence <of the- 5' flanking region of the receptor 
gene can be inserted, .into an appropriate expression 
. . y®c^o^^ .so that upon passage into the cell/ the 
transcription of the. ;ins(?rted DNA yields an 
antisense RNA .that is complementary to the mRNA 
transcript of: the receptor protein gene . normally 
found in the cell., This antisense RNA transcript 
20 of the inserted DNA cap; then base -pair with the 
normal mRNA transcript , found, in the. cell and 
thereby prevent, the, nOWA from being translated. it 
is of course necessary, , to, select sequences of the 
5' flanking region that; are downstream from the 
25 transcriptional start: sites for the receptor ; . 
protein gene to ensure that , the antisense RNA 
contains, complementary . sequences present on the 

-. -. . mRNA , r .--r- . . . 

. Antisense; RNA can be generated in vi tro 

30 . also,., and then inserted .into cells. . 

.Oligonucleotides can be synthesized on an automated 
synthesizer (e.g. , Model. 8700. automated synthesizer 
of Milligen-Biosearch:,.. Burlington:, . .MA or ABI Model 
3,.80B) . .In. cad.dition, . antisense . . . 
35 deoxyoligpnucleo^idesv have been, shown to be 

effective., in 4-nhibiting gene, .transcription and 
■ viral replication (see e.g. Zamecnik et al.. 



BNSOOCID:<WO g605303A1 IA> 



W 96^303 



PCTAJS95/09636 



29 

fTQ7ay P3rQCi Natl. AGaaV^^oiJ' USA 75, 280-284; 
• : Zaraeciaik et -al-.V^ (-1986 P ^ita&S^ N atl . Acad. Sci . . 83 , 
4143-4146 r-Wickstrom et aPP;^ (1988) Proc. Natl> 
Ar-ari. Sci, USA 85, 102 8-10i3 2; Crooke, (1993) FAgEB 
5 7, 533-539. Furthermore/- recent work has shown 

that improved inhibition of expression of a gene by 
antisense oligonucleotides is possible if the 
- antisense oligonucleotides contain modified 
r nucleotides (see,- e .g. , Offensperger et . al . , 

-10 (1993) EMBO J. 12:, 1257-1262 (in vivo inhibition of 
duck hepatitis B vit^rar -replication and gene 
^ expression by antis^nis^^ phosphordthib 

oligodeoxynucleotadfe^)^;-PCT WO 93/01286 Rosenberg 
. et al., (synthesis of- siilftirthibate 
15 oligonucleotides) ;LAgrawal>et alV, (1988) Proc, 
Natl, Acad. Sci: USA 85/ 707-9-^7083 ' (synthesis of 
antisense oligbnuclebside phosphor amidates and 
phosphorothioates t^ inhibit replication of human 
immunodef iciency virus-l) ; SaLriri et al. , (1989) 
20 Pt^oc. Natl- Acad\-^^bi/L -USA 85.^ 7448-7794 (synthesis 
of antisense met hylphbsphbnate bligonucleot ides) ; 
Shaw et'al . , (1991) Nu^erleic- Acids Res. 19 / 747-750 
(synthesis of 3 '-MBxbhuciease-resrs^ 
oligonucleotides cont-aihing - 3 terminal 
25 phosphoroamidate mbdisf icat ions) ; incorporated 
herein by reference)-; ^ vi i-^^^ c . . : % ; ; . ; . . 
- The sequences bf the 5^- flanki 

of receptor protein gene can also be used in triple 
- ^ helix (triplex) gene therapy; Oligonucleotides 
30 complementary to gene promoter sequences on one of 
the strands of the , DNA have been shown to bind 
promoter and regulatory sequences to form local 
' triple nucleic acid helices which block 

transcription of the gene (see, e.g., Maher et al., 
35 (1989) Science 245, 725-730; Orson et al: r (1991) 
MVif^i: Acids Res. 19, 3435-3441; Postal -et 'al . , 
(1991) Pt-oc . Nat 1 - Acad . Sci . USA ^8 V 8227-8231; 
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:?<=>?»ey. ^\^.r.i.^2^mcSsi^S&:'2^1'^s,4^^.AS9; Young 
- : al . , ;(1991)-.Proc.r NaM A^f» d ■ Sci ^-TTfia -PP 

^ 10023.10026; Diiyal -Valentin et^al. , (1992) Proc. 
NatJ., Agad. Sc?;i..TT.qA 89 „ .504-508; Blume et al . , 
^ - (1992) Nu<?^.. Agids RPf^. 20. 1777-1784; Grigoriev et 
al,, (1992)^ J. Biol - rh^nij -yci n-^^tf lltH . 
. ,7 .. . .- ; r.^ecently, both theoretical calculations 
. and empirical findings have been reported , which 
provide . guidance for the- design of. oligonucleotides 
10 for use in- oligonucleotide -directed triple helix 

formation to inhibit .gei>e - expression. . For e::ample, 
. oligonucleotides, sl^ould -generally be greater than 
;- . 14 nucleotides in length, to :ensure target sequence 
. .specificity, (see, .e.g., Maher et al., .(1989); 
15 - ,.Grigoriev et al (19.92) ).. r Also, many cells'avidly 
. take :up oligonucleotides that are -less than 50 
- . :nucleotides in,:length Cseee.g,, Orson et al., 
(1991) ; Holt et ^al.,:.( 1988) Mol . Cell, 9, 
963-973; Wickstrom et al.., (1988) Proc. WaM. . At^ar^ 
20 Sci. U^A :85,: 1028-1032).,, To .reduce s.usceptibility 
to intracellular degradation, , for example: by 3' 
exonucleases, ..a ^ f ree amine ..can. be introduced to a 
3 ' terminal .hydroxyl group, of ..oligonucleotides 
without loss, of sequence binding specificity (Orson 
25 -et.al. , 1991) . . F>irthermore , more stable triplexes 
are formed if any .cytosines -that- may .Jbe present in 
the .oligonucleotide are methylated, and also if an 
.i.'^t^^oalating agent, . such as an acridine- . 
. <^erivative,. is .covalently attached to a 5..' terminal 
3 0 .phosphate - (e.g., via a pentamethylene bridge ) ; - 
.v ^/^aain without .loss .of sequence specificity (Maher 
et al. , (1989); Grigoriey. et al . , (1992). 
; -r .: •. - .Methods to produce or .synthesize 

oUgonucleo.tides , are. ..well, known in^the, art . Such 
methods rCan-^ange -f rom- standard enzymatic digestion 
-followed -by ..nucleotide fragment isolation- (see 
-e-g.-/.- ;Samb?:^ook ;et al._. Chapters 5, .6) to purely 
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synthetic -methods V f or- eicainple/ by the cyanoethyl 
phosphbramidite-method-^sing a Milligen or Beckman 
System IPlus DNA synthesizer (see also, Ikuta et 
al., (1984) Ann. Rev^ jBiochem, 53- 323-356 
(phosphotriester and phosphite-triester methods) ; 
Narang et al. ; (1980) Methods Enzvmol . ; 65, 610-620 
(phosphotriester method) . Accordingly, DNA 
sequences of the 5' flanking region of the receptor 
protein gene described herein can -be used to design 
and construct oligbnucleot ides* including a DNA 
sequence consisting" essentially of at least 15 
consecutive nucleotides > with or without base 
modifications^ or ihtercalating- agent derivatives, 
for use in forming triple helices specif ically 
within the 5' flanking region of a receptor protein 
:gene in order to inhibit expression of the gene. 

- In some cases it may be advantageous to 
insert enhancers 'or multiple copies of the 
regulatory sequences into an expression system to 
facilitate screening of methods and reagents for 
manipulation of expression.- 

. ~ - : 'Prepa:ratl6h bf Receptor Protein Fragments 

V ■ Compound^ 'which are effective for 

/blocking binding of = the receptor can also consist 
of fragments of thfe- rWceptor proteins, expressed 

-recombinantly arid -cleaved by enzymatic digest or 
expressed from a sequence encoding a peptide of 
less than the full -length "receptor protein. These 
will typically be soluble proteins," i.'e-v' hot 
including the transmembrane and cytoplasmic 
regions', although smaller portions determined in 
the assays described abovie to inhibit or compete 
for binding to the receptor proteins can also be 
utilized. • It is' a Routine "matter -to make -' 

-appropriate receptor protein fragments/ 't^ for 

- binding/ and then utilize: The vpref erred fragments 
aire of human origin, in order -to -minimize potential 
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immunplogical. response.,., The. peptides = can ^ be as 
short as , five to. - eighfe.amino acids. . in . length and 
are easily prepared ;by .standard , techniques . They 
.can also, be modified to : increase in vivo half-life, 
by chemical .modification of the amino acids or by 
attachment., to a carrier . molecule or inert 
substrate.. . Based on studies: with, other peptide 
fragments blocking receptor binding, the ICso, the 
: dose of .peptide .required -to inhibit binding by 50%, 
10 . ranges, from about l ./iM to greater than 10 mM, 

•depending onithe peptide size , and -folding. These 
^.ranges a^e.well within _.tiie_ effective concentrations 
. for the -in., vivo administration of peptides, based 
on comparison with the. RGDt containing peptides, 
15 r. described,; for .example, in U.S; Patent , No. 

4,792,525 to Ruoslaghti , et . al . , used, in vivo to 
alter cell attachment and. phagocytosis .v The 
peptides can also, be conjugated to a carrier 

protein such as .keyhole .limpet, hemocyanin by its N- 
20 terminal cysteine by, standard. procedures such as 

the commercial Imject kit from, Pierce Chemicals or 
expressed, as a fusion proteiin,. which may. have 
: .: 'increased efficacy.. ,. 

As noted aboYe,f the -peptides- can be 
25 prepared by proteolytic cleavage, of the receptor 
proteins, or, preferably, by: synthetic means. 
These methods. are known to -those skilled in the 
art..: An example is the solid phase synthesis 
. described by -J. , Merrif ield. (1964 ) J. Am. rhi>n, 
30 Sqs^ .85, 2149, used in. U. S . Patent No. , 4 > 792 , 525, 

and described . in , U. S . Patent No. 4 ,244 , 946 , wherein 
, a ^protected alpha.- amino acid.- is. coupled to a 

suitable resin, to initiate- synthesis of a peptide 
starting from the. C- terminus of the peptide. Other 
35 methods of synthesis . are, described in U.S. Patent 
No . -4 , 3 05 > 872 , and 4 , 3 16 > 891 • , . These methods can be 
used : to . syntfeesi.ze peptides, having identical 
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■ sequence- to- the recepes^c proteins described herein, 
or substitutions or 'additsioKls of ^mino acids, which 
can be screened for act<i^ity as described above. 

The peptide -can also be administered as a 
5 phartnaceutically acceptable acid- or base- addition 
salt, formed. by reaction with inorganic acids such 
. as hydrochloric iac id, hydrobromic acid, perchloric 
acid, nitric :acid, thiocyaniC acid, sulfuric acid, 
and phosphoric acid, aind organic acids such as 
10 . formic acid, acetic acid, propionic acid, -glycolic 
acid, lacticr acid, pyahiviG acidp oxalic acid, 
malonic acid, :succi«ic acid, - raaleic -^acid, and 
fumaric acid, ^-or by ireact ion with an inorganic base 
such as- sodium hydroxide , -artiirionium hydroxide, 
15 potassium hydroxide, and organid bases such as 
mono - , di- , trialkyl and airyl amines and 
substituted ethanolamines • 
. . Peptides containing- cyclopropyl amino 

acids, or amino Scidsderivatized in a similar 
20 fashion, can 'also' be used. ^ These peptides retain 
: their original activity biit" have increased half - 
lives in vivo; - Methods' knovm-f or modifying amino 
acids, and their use, are known to those skilled in 
the art, for example/ as described in U.S. Patent 

25 No. 4,629,784 to -Stammer. ' ' " 

; ' The -peptides'are generally active when 
administered^ parenterally in' amounts above about 1 
/ig/kg of - body weights Based oh extrapolatibn from 
other proteins, fbf ^treatment of most inflammatory 
disorders;- the dosage range' will- be between 0.1 to 
70 mg/kg of body weight'. This dosage will be 
dependent/in partv on whether one or more peptides 
are administered. ■ ■ • . ' 

Pharmaceutical Cowpositions 
Compounds which alters. receptor protein 
binding are preferably administered in a . 
pharmaceutically acceptable vehicle . - Suitable 
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pharmaceutical vehicXes are known to those skilled 
in the. art. F9?^:p,are;nteral administration, the 
compound will usually ; be dissolved, or suspended in 
■ sterile, water oir saline- Fpr enteral 

5 . : administration, . the ..compound .will be - incorporated 
into an inert .carrier in tablet, liquid, or 
,. capsular -form. Suitable carriers may be starches 
, . or sugars and include lubricants, flavorings, 

• binders, and other materials . of . the same nature. 
10 The compounds, can , also be- administered . locally by 
topical ^application of a solution, .cream_, , gel, or 
polymeric material .(for .-example, a Pluronic™, 
BASF) . . - 

■ - • ."Alternatively, the conqpound may be 

15. administered in liposomes or , microspheres . (or 

. microparticles) . . .Methods for preparing liposomes 
and- microspheres for administration to, a, pat lent 
_are known.- to those skilled in the art. U.S. Patent 
No. 4,789,734 describe .methpds . for encapsulating 

20 .biological materials in .liposomes. Essentially, 
the material- is dissolved 4n an aqueous solution, 
the appropriate phospholipids and . lipids , added, 
along with surfactants if required,., and.. the 
material dialyzed or sonicated, as necessary. A 

25 review of known methods is by G. Gregoriadis, 

Chapter 14. "Liposomes", Drug Carriers in Biolncry 
and Medigine pp. 287-341 (Academic Press, 1979) . 
Microspheres formed of polymers or proteins are 
well known to those skilled in the art, and can be 

30 tailored for passage through the gastrointestinal 
tract directly into the bloodstream. 

Alternatively, the compound can be incorporated and 
the microspheres, or composite of microspheres, 
implanted for slow release over a period of time, 
35 ranging from days to months. See, for example, 
U.S. Patent Nos. 4,906,474, 4,925,673, and 
3,625,214. 
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. ..T .' .. . .. = Disorders' td be- treated 

As a variety of 

• compounds - can "be used 'itio-' inhibit or enhance 

expression of the EPCR; -The nature of the disorder 
5 will determine if the expression*^ should be enhanced 
or inhibited. For example, based on the studies 
involving the use of an ant i -protein C antibody in 
combination with cytokine, it should be possible to 
' treat solid tumors by enhahcing an ihf lammatoiry 
10 response ' involving 'blbcking -of ^ protein C or 
. - activated protein C binding to an' endothelial cell 
protein C/activat6d"proteinC receptor by 
administering to a patient in need of treatment 
^ thereof an amount of -a compound blocking binding of 
15 protein C or"act ivat^d pi^otein C ' to ' the receptor . 

Similarly, it should be possible to treat disorders 
such as gram negative sepsis/ 'stroke,'^ thrombosis, 
septic shock, adult respiratory- distress syndrome, 
^^and pulmonary emBoli' using a method for inhibiting 
20 • ah inflammatory res^ionse "involving administration 

of EPCR "or EPCR • fragments or substances that 
• ■ • ' upregiilate EPCR ^ expression to a patient- in need of 
treatment thereof; " 
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We claim. 

1. An isolated endothelial cell protein 
C/activated protein C receptor. 

2 . The receptor of claim 1 encoded by 
the nucleotide sequence of Secjuence ID No. 1 and 
degenerative sequences thereof and sequence having 
conservative substitutions, additions or deletions 
thereof hybridizing to Sequence ID No. 1 under 
stringent conditions, which encode the receptor.' 

3 . The receptor of claim 1 having the 
amino acid sequence of Sequence ID No. 2 or a 
sequence having conservative substitutions, 
additions or deletions thereof . ^ 

4 . The receptor of claim 1 expressed on 
the surface of a non- human cell or a non- 
endothelial cell. - : 

5 . The receptor of claim 1 in soluble 

form. 

6. The receptor of claim 5 lacking at 
least a portion of the^ transmembrane region. 

7. A nucleotide sequence encoding an 
endothelial cell protein C/activated protein C 

receptor* r_ 

8 . The sequence of claim 7 having the 
nucleotide sequence of Sequence ID No. 1 or 
degenerative sequences; thereof arid sequence having 
conservative substitutions, additions or deletions 
thereof and hybridizing under stringent conditions 
to Sequence ID No. 1. . 

9 . The sequence of claim 7 encoding the 
amino acid sequence of 'Sequence ID No; 2 or a 
sequence having conservative substitutions,^ 
additions or deletions thereof . 

10 . The sequence of claim 7 further 
comprising an expression vector. 

11. The sequence of claim 10 further 
comprising an expression host. 
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.12.^ v , Thei:sequencerof^. claim. lO^expressed 
on the surf ace -of vannon- human cell' or a; non- 
endothelial cell. . ; 

:r 13, The f sequence of claim 7 encoding a 
soluble form of the receptor. 

. : 14. The sequence of claim 7 encoding a 
fragment of :the receptor of at least fourteen 
consecutive nucleotides : in length . 

: 15. The sequence of claim 14 . labelled 
with, a detectable label. 

; 16. . A -method ; for enhancing an 
' inflammatory response Involving ^blocking of protein 
: ■ C or activated- protein. C binding to an endothelial 
cell protein C/activated protein C receptor 
comprising administering to a patient . in need of 
treatment thereof an amount of a compound blocking 
binding of protein C or activated protein C to the 
.receptor . - tumors . - i 

.17. The method of claim. 16 wherein the 
compoxind.is selected from: the groupi consisting of 
antibodies and fragments of antibodies to the 
receptor, nucleic acid- sequences inhibiting 
expression of the receptor;, and synthetic or 
natural compounds other than proteins, peptides or 
nucleic acid sequences; which inhibit binding. 

;r. : . :: 18 . A method for' inhibiting an 
inflammatory response-involving administration of a 
compound selected from the group consisting of EPCR 
or EPCR fragments and substances that upregulate 
EPCR expression to a patient in need of treatment 
thereof . 

19. An antibody or antibody fragment 
specifically immunoreactive with a unique epitope 
of an isolated endothelial cell protein C/activated 
protein C receptor. 

20. The antibody of claim 19 wherein the 
receptor is encoded by the nucleotide sequence of 
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Sequence IDrvNo^, 1 andadegfenerative sequences 
thereof ' and sequence^'ihavf ng ^^oriservat ive 
substitutions, additions or deletions thereof and 
hybridizing' to' Sequence ^: ID No. 1 under stringent 

conditions. ^ 

21. The antibody of claim 19 wherein the 
receptor has the amino acid sequence of Sequence ID 
No- 2 or a sequence having conservative 
substitutions, additions or deletions thereof. 

22 . A method for screening for a 
compound which r alters :/the- binding of an endothelial 
receptor protein^ to protein C :or activated protein 
C comprising r. providing .an? assay for binding of 
protein C or activated protein ;:C to the receptor 
protein, ' '■ ■' •y-r-:MV^,s.'i - . - > - ■■ 

' ^ ^ adding*, the compound :to be tested to the 

assay* 'and ' 

determining if the amount of protein C or 
activated protein: G which is bound to the receptor 
. protein is alterediasbcompared to binding in the 
absence-^of- the. compound to be tested. 

23:. ,i A. -method for. screening, patients for 
abnormal receptor- protein activity or function 

comprising : - " . 

: determining, the, presence :of an 
endothelial -cell- surface receptor binding protein C 
. and activated protein C,'.. and : ; = 

comparing the receptor to determine if 
the quantity present or the function .of the 
receptor. is equivalent to that present . in normal 

cells. - ' 
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